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NOTICE

The poiiciesset out in thisdocument
'
are intendedsolelyas guidance.they are not finalU.S.

Enviroamenmi ProtectionAgency (EPA) actions.'Mese policiesare not intended.nor can theybe relied
upon. to createany rightsenforceableby anv partyinlitigationwith the United States.EPA officialsmay
decideto fouow theguidanceprovidedinthisdocumene.or toactatvarianceWiEb theguidance,basedon an
analysisofspecificsitecircumstances.The Agency alsoreservesthe righttochange thisguidanceatany time
without publicnotim

"Mis guidanceisbased on policiesin theFinalRule of theNationalOil and Hazardous Substances
PollutionContingency Plan (NCP), which was publishedon March S. 1990 (55FederalRegisuraw). 'Me
NCP should be consideredtheauthoritativesour=

01\

C:)



CONNNTS

Page

,NOTICE ......................................................................ii

EXHIBITS ......................................................................vi

DEFINITIONS ..................................................................vti

ACRONYMS/ABBREVIATIONS ......................................* ...............ix

ACKNOWLEDGE,NIENTS .............................................-0

PREFACE ......................................................................xii

1.0 INTRODUCTION .........................................................I

1.1 DEFINITION OF PRELIMINARY REMEDIATION GOALS ..................I
I C:)

1.2 SCOPE OF PART B ..................................................1 C:)

1-3 RELEVANT STATUTES, REGULATIONS, AND GUIDANCE ................3

1.3.1 CERCLAISARA ................................................3
1-3.2 NationalContingencyPlan ...........................................)
1.3-3 Guidance Documents .............................................3

1.4 INnLkL DEVELOPMENT OF PRELUVUNARY REMEDIATION GOALS ........

1.5 MODIFICATION OF PRELIMINARY REMEDIATION GOALS ...............5

1.6 DOCUMEINTATION AND COMMUNICATION OF PRTLIMINAPY -
REMEDIATION GOALS ..............................................6

1.7 ORGANIZATION OF DOCUMF-NT .....................................6

2.0 IDEN'rIFicA@riON OF PRELIMINARY REMEDIATION GOALS .....................7

2.1 MEDIA OF CONCERN ..............................................

2.2 CHEMICALS OF CONCERN ...........................................8

2-3 FUTURE LAND USE .................................................3

2.4 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS ........9

2.4.1 Chemical-,Location-,and Action-specificARARs ........................10
2.4.2 Selectionof theMost LikelyARAR-based

PRG forEach Chemical ...........................................10

2@.5 EXPOSURE PATHWAYS. ?ARANIETF-RS. A.LNDEQUATIONS ...............11

2.-;.lGround Water/SurfaceWater .......................................I.,
2.5.-,Soil ..........................................................I.,

-iii-



CONTENTS (Candnued)

P2ge

2.6 TOXICITY INFORMATION ............................................14

2.7 TARGET RISK LEVELS ..............................................4

Z.S MODIFICATION OF PRELIMINARY REMED[ATION GOALS ...............15

2.&1ReviewofAssumptions........................................I...15
2.3.2IdentificationofUncertainties......................................16
2.3.3 Other ConsiderationsinModifying PROs ..............................17
Z.3.4 Post-remedyAssessment ...........................................13

3.0 CALCULATION OF RISK-BASED PRELIMINARY

REMEDIATION GOALS ...................................................19

-1.1 RESIDENTIAL LAND USE ............................................@O

3.1.1 Ground Water or SurfaceWater ....................................20
3.1.1@Soil ..........................................................23

3.2 COMMERCLALINDUSTRIAL LAND USE .................................14

3.2.1 Water ........................................................24
3.2.2 Soil ..........................................................25

3-3 VOLATILIZATION AND PARTICULATE EMISSION FACTORS ..............26

3.3.1 Soil-co-airVolatilizationFactor .....................................26
3.3.2 ParticulateEmissionFactor ........................................29

3.4 CALCULATION AND PRESENTATION OF RISK-BASED PRC;s ..............30

4.0 RISK-BASED PRGs FOR RADIOACTIVE CONTAMINANTS ........................3

4.1 RESIDENTIALLAND USE ............................................34

4.1.1 Ground Water or SurfaceWater .......................................4
4.1.2 Soil ...........................................................I's

4.2 COMMERCIALINDUSTRIAL LAND USE ...................................6

4.2-1 Water .........................................................6
4.1-2 Soil ............................................................6
4.'-3 Soil-to-airVolatilizationFactor .....................................-'8

4.3 RADIATION CASE STUDY ................................................S

4.3.1SiteHistorv.....................................................4()

4.3.2 At theScoping Phase .............................................4()

4.3.3 AftertheBaselineRisk Assessment ..................................4.11

REFERENCI-:S ...................................................................47



CONTENTS (ccmtinued)

Page

APPENDIX A ILLUSTRATIONS OF CHEMICALS THAT "UMIR REMEDIATON .........49

.APPENDIX B RISK EQUATIONS FOR INDMDUAL EXPOSURE PAMVAYS ...........51

B.1 GROUND WATER OR SURFACE WATER - RESIDENTIAL LAND USE ......St

B.1.1 Ingestion......................................................51
B.1.2 Inh2l2tionof Voiatiles............................................52

B.2 SOIL - RESIDENTIAL LAND USE .....................................52

B-2.1 IngestionofSoil..................................................52
C\i

B.2.2 Inhalationof Volatiles.............................................52 C\:

B.23 Inhalationof Particulates..........................................53 C)
Ic-

B.3 SOIL.- COMMERCLALIINDUSTRIAL LAND USE .........................53 CD

0
B.3.1 IngestionofSoil.................................................53
B.3.2 Inhalationof Volatiles.............................................53
B.3.3 Inhalationof Particulates..........................................54

.V.



EXHIBITS

Exhibit Page

1-1 RELATIONSHIP OF HUTMAN HEALTH EVALUATION TO
THE CF-RCLA PROCESS ..................................................2

2-1 TYPICAL EXPOSURE PATHWAYS BY IMEDIUM FOR
RESIDENTIAL AND COMMEERCLALQNDUSTRIAL
LAND USES ............................................................1:!



DEFINMONS

Term Definition

Applicableor Relevantand *Applicable"requirements are those clean-up standards.standards

Appropriate Requirements of control.and other substantiveenvironmental protection

(ARARS) requirements.criteria,or limitationspromulgated under federalor

statelaw thatspelfficallyaddress a hazardous substance.pollumnt,

coamminani. remedial action.location.or other circumstanceat a
Comprehensive Environmental Response. Compensation. and

LiabilityAct (CERCLA) site. 'Relevant and appropriate'

requirements are those clean-up standards which. while not
.applicable*at a CF-RCLA site.address problems or situations

sufficienEIvsimilartothose encountered at the CF-RCLA Sitethat
C:zr

theiruse isweil-suitedto theparticularsite.ARARs can be action-
C\i

specific,location-specific,or chemical-specific.
C)

Cancer Risk Incremental probabilityof an individual'sdeveloping cancer over a

lifetimeas a resultof exposure to a potentialcarcinogen.

C)
Conceptual SiteModel A amodel* of a sitedeveloped at scoping usini!readilyavailable

informatiorl Used to identifyallpotentialor suspectedsourcesof

contamination, typesand concentrationsof contaminants detected
at thesite,potentiallycontaminated media, and potentialexposure

pathwavs, includingreceptors. This model is also known as

oconceptualevaluationmoder.

Exposure Parameters Variablesused in thecalculationof intake(e.g..exposure duration.

inhalationrate,average body weight).

Exposure Pathway The course a chemical or physicalagent Lakes from a source to an

exposed organism. An exposure pathway describesa unique

mechanism by which an individualor population is exposed to

chemicals or physicalagents at or oriLTinatingfrom a site. Each

exposure pathway includesa source or releasefrom a source.an

-urepointdiffersexposure poine.and an exposure route.Ifthe expon

from the source,a transport/exposuremedium air)or media

(incasesof.intermediatransfer)alsowould be indicated.

Exposure Point A locationof potentialcontactbetween an or,-,anismand a chemical

or physicalagenl

Exposure Route Tne wav a chemical or phvsicalatientcomes in contactwith an

or anism (i.e..by ingestion.inhalation.dermal conEaCE).9

FinalRemediation Levels Chemical-speLirleclean-up levelsthat are documented in the

Record of Decision (ROD). They may differfrom preliminar%

remediaeion goals(PRGS) because of modificationsresultint,t
.
rum

considerationof various uncertainties.technicaland exi)osure

factors.as well as allnine selection-of.remedv criteriaouelined in

the National Oil and Hazardous Substances PolluLiunCt)ntinten@:,,

Plan (NCP).



DEFINMONS (Condnued)

Term Definition

HazardIndex(HI) lle sum oftwo or more hazardquotientsformultiplesubstances
and/ormultipleexposurepathways.

Hazard Quotient(HQ) Ile ratioofa singlesubstanceexposureleveloveraspecifiedtime
periodtoa referencedose forthatsubstancederivedfroma similar
exposureperiod-

*Limiting'Chemical(s) Chemical(s)thatarethelastto be removed(ortreated)froma
medium by a gtventechnology.la theory,thecumulativeresidual
riskfora medium =v approximatelyequaltheriskassociatedwith
thelimitingchemical(S).

C\i
PreliminaryRemediationGoals Initialclean-upgoalsthat(1)areprotectiveofhuman healthand
(PROS) theenviromrnentand (2)complywithARARS. Tlevaredeveloped

earlyintheprocessbasedon readilyavailableinformationand are
C)modifiedto reflectresultsof the baselineriskassessmenlThey

alsoare used duringanalvsisof remedialalternativesin the,
remedialinvestigation/feasit@ilitystudy(RI/FS).

QuantimtionLimit(QL) 'Me lowestlevelat which a chemicalcan be accuratelyand
reproduciblyquantitated.Usuallyequaltothemethod detection
limitmultipliedby a factorof threeto five,butvariesfordifferent
chemicalsand differentsamples.

ReferenceDose (RfD) 'Me Agency'spreferredtoxicityvalue forevaluatingpotential
noncarcinogeniceffectsin humans resultingfrom contaminant
exposuresat CERCLA sites.(SeeRAGS/HHEM PartA fora
discussionof differentldndsof referencedosesand reference
concentrations.)

Risk-basedPROs Concentrationlevelssetat scopingforindividualchemicalsthat
correspondtoa specificcancerrisklevelof 10'6 or an HQ/Hl of 1.
They aregenerallyselectedwhen ARARs arenotavailable.

SlopeFactor(SF) A plausibleupper-boundestimateof theprobabilityofa response
perunitintakeofa chemicalovera lifetime.'Me slopefactoris
usedto estimate an upper-boundprobabilityof an individual's
developingcanceras a resultof a lifetimeof exposureto a
particularlevelofa potential.carcinogen.

TargetRisk A valuethatiscombinedwithexposureand toxicityinformationtt)
calculate3 risk-baseda)ncentrdtion(e.g.,PRG). ForLmrcinogeni'c
effects,thetarectriskisa cancerriskof 10-6.For nonorcinovenic
effects,thetarizetriskisa hazardquotientof 1.



ACRONYMS/ABBREVIATIONS

Acronym/
Abbreviation Definition

A RARs Applicableor Relevantand AppropriateRequirements

CAA Clean Air Act

CERCLA Comprehensive Environmental Response. Compensation. and LiabilityAct

CFR Code of Fedeml Regulations

CWA Clean Water Act

EAC Exposure Assessment Group

ECAO Environmental Criteriaand AssessmentOffice
C\i

Superfund Health Risk TechnicalSupport Center
C)

EF Exposure Frequency

EPA U.S. Environmental ProtectionAgency

FWQC Federal Water QuaUty Criteria

HEAST Health EffectsAssessment Summary Tables

HHE.M Human Health EvaluationManual

Hi Hazard Index

HQ Hazard Quotient

HRS Hazard Ranking System

IPI[S IntegratedRisk InformationSystem

LLW Low-levelRadioactiveWaste

,MCL Maximum Contaminant Level

,MCLG Maximum Contaminant LevelCoal

NCP NationalOil and Hazardous SubstancesPollutionConEin,itn(-vPlan

NPL NationalPrioritiesList

OSWER Officeof Solid Waste and Emert-,en,.vRespome

OERR Officeof Emergency and Remedial Response



ACRONYMS/ABBREVIATIONS (continued)

Acronvnui
Abbreviation Definition

PA/Sl PreliminarvAssessment/SiteInspecion

PEF ParticulateEmissionFactor

PRO PreliminaryRemediationGoal

RAGS RiskAssessmentGuidanceforSuperfund

RCRA ResourceConservationand RecoveryAct

RfC ReferenceConcentration

RfD ReferenceDose

RIIFS RemedialInvestigation/FeasibiliryStudy

RME ReasonableMaximum Exposure

ROD RecordofDecision

RPM RemedialProjectManager

SARA Superfund Amendments and ReauthorizationAct

SDWA SafeDrinkingWaterAct

SF SlopeFactor

TR TargeE Risk

VF VolatilizatioaFactor

WQS StateWater QualityStandards
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PREFACE

RislcAntumem Gui&= for Super*nd: VolunteI - Hunian Health E@,atuaiionWanual
(RAGS/HHEM) PartB isone ofa three-PartSCriM PartA addressesthebaselilit;&,j4A&sc*ii;ietttPartC
addresseshuman healthriskevaluationsof r;medialalternatives.PartB providesguidanceon usingU.S.
EnvironmentalProtectionAgency (EPA) toxicityvaluesand exposureinformationto deriverisk-based
preliminaryremedialgoals(PROS) fora Comprehensive EnvironmentalResponse,Compensation.and
LiabilityAct (CF-RCLA) sit& Initiallydevelopedatthescopingphaseusingreadilyavailableinformation.risk-
based PROs generallyare modifiedbased on site-sp=Wcdata gatheredduring the remedial
investiption/feasibilitystudy(RM). Thisguidancedm notdiscusstheriskmanagement decisionsthatare
necessaryata CERCLA site(er, selectionof flaalremediationgoals).The potentialusersof PartB are
thoseinvolvedintheremedy selectionand implementationprocess,includingriskassessors.riskassessment
reviewers.remedialprojectmanagers,and other decision-makem

This manual isbeingdistributedas an interimdocument to allowfora periodof fieldtestingand C\i
review.RAGS/HNEM wiU be revisedinthe future,and PartsA. B.and C willbe incorporatedintoasingle 0
finalguidancedocumeal Additionalinformationforspecificsubjectarm isbeingdevelopedforinclusion
ina laterrevision.These areasinclude:

C)
development ofgoalsforadditionalland usesand exposurepathways,
development ofshort-termgoals;
additionalworker healthand safetyissues;and

0 determinationof finalremediationgo" (andattainment).

Comments addressingusefulness,ch=gm and additionalareaswhere guidanceisneeded shouldbe
sent EO:

U.S.EnvironmentalProtectionAgency
ToxicsIntegrationBranch(OS-230)
Officeof Emergency and Remedial Response
401 M Street,SW
Washington.DC 20460

Telephone: 202-260-9486
FAX- 202-26G-6852



CHAPTER 1

ENTRODUCTION

The purposeof thisguidanceisto assistrisk selectionof remedialalternatives.Ideally,such
assessors.remedialprojectmanagers(RPMs).and ,,oats.if achieved.should both comply with
othersinvolvedWith riskassessmentanddecision- applicable or relevant and appropriate
making at Comprehensive Environmental requirements(ARARS) and resultinresidualrisks
Response,Compensation.and LiabilityAct thatfullysatisfytheNationalOil and Hazardous
(CF-RCLA) sitesin developingpreliminary SubstancesPollutionContingencyPlan (NCP)
remediationgoals(PROs). Thisguidanceisthe requirementsfortheprotectionof human health
secondpan (PartB) intheseriesRiskAssessment and theenvironmenl By developingPRGs early
Guidance for Superftind.Volume I - Human inthedecision-makingprocess(beforetheRl/'FS
HealtitEvaluationiwanual(RAGS/HHEM).- and thebaselineriskassessmentarecompleted), CD

designstaffmay be able to streamlinethe Irl-
PartA of thisseries(EP - '.989d)assistsin considerationofremedialalternatives. 0definingand completi*bgasite-s@ecificbaselinerisk

C)assessment;much of theinformationinPartA is Chemical-specificPROs are concentration,
necessarvbackeroundforPartB. PartB provides goalsforindividualchemicalsforspecificmedium
guidanceon usingU.S.EnvironmentalProtection and landuse combinationsat CERCLA sites.
Agency (EPA) toxiil-iryvaluesand exposure 'Merearetwogeneralsourcesofchemical-specific
informationtoderiven'sk-basedPRCJ& Wtiallv PROS: (1)concentrationsbasedon ARARs and
developedat the scopingphase usingreadil@ (2)concentrationsbased on riskasm menl
availableinformation,risk-basedPRGs generally ARARs includeconcentrationlimitssetbyother
aremodifiedbasedon site-specificdam gathered environmentalreluiations(e.g..non-zeromaximum
duringtheremedialinvestigation/feasibilitystudv contaminantlevel"Oats[MCLOsl setunderthe
(RI/FS).PartC ofthisseries(EPA 1991d)assists SafeDrinkingWaterAct [SDWAI). 7ae second
RP.MS.siteengineers,riskassessors.and othersin sourceforPROS. and thefocisof thisdocument,
usingriskinformationboth.toevaluateremedial isriskassessmentor risk-basedcalculationsthat
alternativesduringthe FS and to evaluatethe setconcentrationlimitsusin!zcarcinogenicandior
selectedremedialaltemaeiveduringand afterits noncarcinogenicLOXiCiLVValues under specific
implementation.F-xhibit1-1illustrateshow the exposureconditions.
threepartsofRAOSIHHEM areallusedduring
theRI/FSand otherstagesof thesiteremediation 1.2 SCOPE OF PART B
process.

The recommended approach fordeveloping
The remainderof thisintroductionaddresses remediation,,oalsisto identifvPROs atscopin2.

thedefinitionof PRGS. thescopeofPartB,the modifvthem as neededat the*end of the Ri or
statutes,regulations,and guidancerelevantto durinl',theFS basedon site-specificinformation
PRGS. stepsin identifyingand modif@ingPROS. from thebaselineriskassessment.and ultimaeeiv
thecommuni(mtionand documentationof PRGS. selectremediationleveisintheRecordofDecision
and the orizanizationof the remainderof this (ROD). Inorderto SCE chemicaI-specificPROs in
document. a sitc-specirccontext.Itit)wever.assessorsmust

answer fundamentalquestionsabout the site.
1.1 DEFINITION OF Informationon thechemicalsthatare prewt

PRELINIINARY t)nsite.thespeciiiccontamin3Ledmedia.land-use

REMEDIATION GOALS a:isuniptions.an(itheexposureassumptionsbehind
pathwaysof individualexposureis necessaryin

InLeneral.PROs provideremedialdesionstaff ordertodc,,-eiopchemicai-specificPROS. PartB
pruvideb.!uidanceforconsiderins!thisinformation%vithlonl,.termtargetsto use duringanal%-sisand
indc%-eiopint!chemical-specicic?RGs.



EXHIBIT 1-1

RELATIONSHIP OF THE HUMAN HEALTH EVALUATION
TO THE CERCLA PROCESS

CERCLA REMEDLKL PROCESS
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Bemuse Part B focuses on -dcvc102iftg Several sectionsof CERCL-A. especially

chemical-specificER(as based on 2rotectiono section I'@.1(Clean-up Standards).set out the
human health there are iznportanttypes of requirementsand goals of CERCLA. Two

informationthatarenot consideredand thatmay fundamental requirements are that selected
significantlyinfluencethe concentrationgoals remediesbe protectiveof human healthand the
needed to satisfythe CF-RCLA criteriafor environment.and compiv withARARS. CERCLA
selectionof a remedy. For e=pie, no indicatesa strongpreferencefortheselectionof
c-onsiderationisizivento owtoeical effectsin-this remedial alternativesthat permanently and
eu dance. Other typesof remedialaction"goals' significantivreduce the volume. toxicitv.or
not addressedin demd include action-spedfic mobility@f wastes. To the maximum
ARARs (

'
eg.. technology- or peftrmance-based practicable. the selected remedial alternatives

standards) and location-specific ARARS. should effece permanent solutions by using
treatmenttechnoloeics.Both the law and the

Throughout Part B. the term ochentical- regulation(see below) call for cost-effective
specifleshould be understood to mfer to both remedialalternatives.

C\jnonradioactiveand radioactivechemicalhazardous
substances.pollutants,orcontaminants.Ilerefore, 1.3.2 NATIONKL CONTINGENCY PLH"N

the processdescribedin thisguidance of selecting C)
and modifvingPROs at a siteshould be appliedto Reizulationsimplementine CERCLA arefound
each radionuclideof potential concern. inVolume 40 oftheCode ofFederalReeulations C)
Chapter 10 of RA6S/HHEM Part A provides (CFR). Part300.and are referredtocollecti%,eivas
backlrroundinformationconcerningradionuclides. the -NCP. Section3W.430 of the NCP. and several
and @hapter 4-of RAGS/HHF-M Part B includes portionsof the preambles in theFederalRegister
radionucliderisk-basedequationsand a casestudy (55 FederalRe,-ister3666. iN4archS. 1990 and 53
ofa hv -?potheticalradiationsite. Federal Register51'94. December 21. 1988).

addresshow the Superfund and other CF-RCLA
'Mis euidanceoniv addressesin !aemilthe programs are to implement theAct'srequirements

initialselectionof risk-basedPROS. Detailed and goalsconcerningclean-up levels.
iiudance reeardinfzother factorsthatcan be used
to furthermodify Pagl duriiiethe remedv Nine criteria@ave been developed inthe NC?
selectiont)rocessist)resentedin otherdocuments to use inselectinga remedy. 7nese criteriaare
(seeSection1.3). listedinthenextbox. The firstcriecrion- overall

protectionof human healthand theenvironment

1.3 -RELEVANT STATUTES, - isthefocusof thisdocumenl Thiscriterion

REGULATIONS, AND
coupled%vithcompliance with ARARs arereferred
to as"thresholdcriteria'and must be met bv the

GUIDANCE selectedremedialalternaeive.PROs are developed

toquantifythe standards thatremediai.altematives
This section provides relevant background on must meet in order to achieve these threshold

the CERCLA statuteand the regulationscreated criteria.See the second box on the nextpage for
to implement the statute (i.e.,the NCP). In hiizhlightsfrom the NCP on remecliationtioals.
addition, other CERCLA guidance documents are

listedand theirrelationshipto the siteremediation 1.3.3 G'UIDANCE DOCUNTENTS
process isdiscussetl

There are several existingdocuments thae.

L.3.1 CERCI-.EVSARA provide gudiance on related steps of the site

remediaeiort process. These documents are
CERCLA. as amended bv the Superfund described in the box on pat,e five. When

Amendments and Reauthorization Act of 1986 documents are referenced throuchout this
(SARA). isthe authorityforEPA to take response t_vuidance.the abbreviated titles.indicated

.
in

actions. (Throut-vhoutthis(,Uidance,reference to parentheses afterthe fulltitiftand bibliographic
CERCLA should be understood to mean information. are used.

"CERCLK as amended by SARAO)

,3.



,NME EVALUATlOt4 CRITERIA FOR i-4CPRULE HIGHLIGHTS

ANALYSIS OF REMEDIAL ALTERNATIVES RISK AND RENIEDIATION GOALS
(40CFR 300@430(c)(9)(ifi)) (40 CFR 300.430(e)(2))

ThresholdCriteria. 'Indevelopingand.asappropnate,screening
• OverallProtectionof Human Health and the aitcrw&ies,theleadagencysh2li:(i)F-stabtish
Environment remedialactionobjectivessp=41ng contaminants

• Compliance withARARs and media of concern. potentialexposure
BalancingCriteri2: ptbwnm and remediatioagoail Initially,
• Lung-te= Effectivenessand Permanence prefinunaryremediationgoalsaredevelopedbased
• ReductionofTmicity,MobWq, or Vot=e on readilyavadabicinformation.such aschemical.

Through -@reatment specificARARs or other reliableinformation.
• Short-term Effectiveness PrefinunM remedawn goalsshouldbe mowed.
• Implementability as necessary.as more intormationbecomes

• Cost availableduringthe RM. Finalremediation
,ModifvingCriteria: goalswillbe determinedwhen the remedv is
• StateAcceptance selected. Reinediationaoals shallestablish
• Cor=uruty Acccpmnce acceptableexposure levelsthatare protectiveof

human healthand the environment and shWI be
developed by consideringthe foilo%mne:

(A) Applicableor relevantand appropriate C)

1.4 INITIAL DEVELOPMENT OF requirements., and the followingfaaom

PRELEWINARY I
(1)For svstemic i-canm acceptableREiMEDL4TION GOALS

exposure levels shalt represent

The NCP preamble indicatesthat.typically,
oo=ntmticm levelsto whichthehuman
popuiadm includingsensitivesubgroups,

PROs are developed at scoping or concurrent with may be cqmsed without adverseeffect
initialRI/FS activities(i.e.,priorto completion of duringa lifetimeor partof a lifetime.
the baseline risk assessment). Tlis early Wcmwmtms an* adequate margin of
determinationof PROs facilimeesdevelopment of safar.

a range of appropriate remedial alternativesand

can focus selectionorLthe most effectiveremedy. (2)For known or suspectedcarcinogens.

a,,,p-,,bleexposure levelsaregenerally

Development of PROs early in the RI/FS
concentrationlevelsthatreprewnt an

requiresthe followingsite-specificdam
excessupper-bound lifetimecancer risk
to an individualof between 10'and 10'

usu2g informationon the ,etaEionship
media of potentialconcern: between d= and response.The LU-
chemicalsof potentialconcem; and risklevelstiallt@--used as clicpointut
probable fueure land use. departure for determiningremedialion

goals foralternativeswhen ARARs are

This information may be found in the preliminary not availableor are not sufficiently

assessment/siteinspeaion (PA/S I)reportsor inthe protective because of -multiple

conceptual sitemodel thatisdeveloped priorto or conmnunants at a siteor multiple
paetmvs of exposureduring scoping. (When a site islisted,on the

National PrioritiesList (NPLI. much of this

informationiscompiled during the ?AiSl as part

of the Hazard Ranking System (HRS] It is important to remember thatrisk-based
documentation record.) Once these factorsare ?RGs (eieberat scopine or lateron) are initial
known. allpotentialARARs must be identified. a-uidelines.nev do not establishthatcleanut)ik)
When ARARs do not exist.risk-based.PROs are meet these eoals is warranted. A rLsk-bzi.%ctl
calcu[aeedusing EPA healthcriteria(i.e.,reference concentration.as caiculalcd in this@,uidancc.%%ill
doses or oncer slope factors)and defaultor site- be-@.onsidereda finalremedi3Eion le"velUniv iftcr
specificexposure assumptions. appropnate analystsin the RL:'FSand ROD.



GUIDAt4CE DOCU,%IENTS

• Risk Anessmem Ciddance for SuperfiaW. Voltune I - Hiunan Health Et-alitation.WamialPMT A (EPA 1989a)
(RAGS/HHEM PartA) containsbackitroundinformationand Lsparticularlyrelevantfordevelopingccposureand
radcityassessmentsthatare requiredwhen refiningchemicai-sp=flcrisk-basedconcentrations,and accounting
forsite-spec:dcfactorssuch as multipleuposure pathways.

• Giadance for Conducting Remedial Investtg=ons and Featthdir

'

v SizidiesUmier CERCL4 (EPA 198&) (RL,FS
Guidance) presentsdetailedinformationabout implementingthe RI/FS and generalinformationon theuse of
nsk-basedfactorsand ARARs inthecontca of the RliFS.

• Giadance on Remedial Acnon for Conuvmnxed Groimd Water atSuprffiindSites(EPA 1988d) (Ground-water
Guidance) demds some of the key issuesindevelopment. evaluation,and selectionof ground-waterremedial

actionsatCERCLA siml

• CERCL4 Compliance with Other Law Mwuwls (Part 1. EPA 1988a; and Part 11. EPA 1999a) (CERCL-K
Compliance Manuals) provideguidanceforcompmng withARARS. Pan Iaddressesthe Resource Conservation
and RecoveryAct (RCRA), theClean Water Act (CWA), and theSDWA; Part[Iadd the CleanAir,@it
(CAA), otherfederalstatutm and smm requirements. CD

• -Wedtodsfor Evq=utg theAtrauvnent of Cleamip Stiutdards(Volwne 1: Soilsand Solid W=te) (EPA 1989e)
and Vetho& for Evakwt&tg the Att4&uwnt of Cleanup Staroards (Voltune Z- Water) (Draft. 1988. EPA.
ScatisticalPolicyBranch)(Atmi=ent Guidance) provideguidancean evaiuaeingthe attainmentof remediation
levels,includingaopropriatesamplingand statisticalproceduresto testwhether the chemicalconcentrationsare
significantlybelow themmediation levetl

• Intcun FinalC-uuiowe on PreparingSupv*W DecLsion Documents (EPA 1989b) (ROD Guidance) provides
guidance that (1) presentsstandardformats fordocumenting CERCLA remedial actiondecisions,(2)clarifies
the mics and responsibin of EPA. stam and other federalagenciesin developingand issuingdecision
d=menli; and (3)=plainshow m addresschangesmade toproposedand selectedremedies.

• Catalog of Supe7ftoW Pror= Publications, Chapter 5 (EPA 1990a) listsallARARs guidance documikam that
have been issuedby EPA, shown inorder of date of issuanm

• Role of the BaselinePiskAssessment inSupeffitndReinedv SelectionDecisions (EPA 1991c) providesclarification
on theroleof the bmbne riskassessmentindevelopingand selectingCERCLA remedialalternatives.

• Citidi7n.-cfor Data UseabiUry in RiticAssessment (EPA 1990b) (Data UseabilityGuidance) provides guidance on
how to obtaina minimum irml of qualityfor ailenvironmenealanalyticaldata requiredforCERCLA nsk
aw-mments. Itcan asm withdeterminingsample quanEiEationlimits(SOLS) turcftcmicni-specificanal%-As

Caiidanceon RemediaL Actionsfor Superfta:dSitesstithPCB Contamination (EPA 1990c) describesthe

recommended approach forevaluatingand remediatingCERCLA siteshavin,.,PCB contamination.

Cc)ndricnnfRemedial InvevigationsIFemibiuqSizidiesf6r CERCL4 UtuticipalLand
*
rillSites(EPA 1991a)

(NiunicipaltandfillGuidance) offersguidanceon how tostreamlineboth the RI/FS and [heselectionofa mmedy
furmunicipallandfills.

1.5 LMODIFICATION OF assessmenl itisimporane toreviewthe meciiaand

PRELIMINARY chemicalsof potentialconcern. futureland usc.

and tcposure assumptions originailvidentified-at
REMEDFATION GOALS scopini,.Chemicals mav be added or'dropped from

the list,and risk-basedPROs mav need to @c
T'heinitiallistofPROs may need tobe revised recalculatedusine siee-specificexp'osurefactt)rs.

as new data become availableduring the RL'FS. PRGs thatare modified based on the resultsOt'LhC
Tberefore, upon completion of the baselinerisk baselinerisk assessment must stillmeet the



'thresholdcriterianof, (1)protectionof human associatedwith the alternativeshould be
healthand the environmentand (2) compliance documented inthefinalRI/FS reportto theextent
with ARARS. However. the NCP alsoallowsfor possible.'Therefore,the RI/FS reportisa logical
modificationof PROs during finalremedy place to presentPROs thathave been modified
selectionbased on the'balancingnand *modifying* afterthe baselinerisk&ssessmenl A summarv
criteriaand factorsrelatingto uncertainty, tablesuch as the one developed in Section3.4@f
exposure,and technicalfeasibility. Part B could be incorporatedinto the RI/FS

followingthe presenmtien of the baselinerisk.
Final remediationlevelsare not determined assessmenl Along with the table.a discussionof

untilthesiteremedy isreadyto be selected;final issuesof particularinterest.such as assumptions
remediationlevelsare then setout in the ROD. used and the relationshipbetween ARARs and
PROs are refinedinto firiaremediationgoals risk-basedPROs at the site.could be included.
throughout the process leadingup to remedv Also, it is alwavs appropriateto discusshow
selection. The ROD itself.however, should findingsof the baselinerisk assessmentwere

U-\includea statement of finalclean-uplevelsbased incorporatedintothecalculationof PROS.
on these goals.as noted in NCP section
300.430(e)(2)(i)(A).LatheROD, itispreferable 1.7 ORGANIZATION OF
to use the term *remediationleveinratherthan
.remediationeoal'inorder tomake clearthatthe

DOCUNLENT
C)

selectedremedv establishesbindingrequirements.
The remainderof thisguidance isorganized

intothreeadditionalchaptersand two appendices.
1.6 DOCUMENTATION AND Chapter 2 discussesthe initialidentificationof

COMMUNICATION OF PRGs and provides guidance for modifving

PRELIMINARY appropriatevaluesduring the RI/FS. Chapter 3

REMEDIATION GOALS outlinesequationsthatcan be used to calculate
risk-basedPROs forresidentialand commercial/

Clear and concisecommunication ofrisk-based industrialland uses. These equations are

PROs among the riskassessor.the RPM. the
pmented in both *reduced* formae (i.e..

ARARs coordinator.site engineers,analytical incorporatingcertaindefaultassumptionsOcussed

chemists.hydrogeologists.and othersisimportant
inChapter 2) and expanded format (i.e..withall
variablesincludedso thatthe userof thiscuidanceinthe development ofPROS. The involvementof z

the RPM in the directionand developmentof can incorporateSiEC-SPCCifl'Cvalues).Particular

risk-basedPROs is importantto ensure that considerationsregardingradionuclidesareprovided

communication isfacilitatedand that the PRCis inChapter 4.

are used effectivelyin streamliningthe RDFS
process. Appendix A supports severalpoints made in

Chapter 2 by providing illustrationsof remedial

alternativeswhere one or more ch-.micals"limie"
Because PROs are most useful during the

RIIFS (e.g..for streamlining
.
the consideration of

remediation and. thus,represent a major portion

remedial alternatives),it is important to
of the residualrisk.Appendix B listsequations for

communicate them to siteengineers as soon as
media-specificexposure pathways. enabling the risk

possible. A memorandum from eitherthe siterisk
asses or to derive site-specificequations thatdiffer

assessor or the RPM to the site engineers and
from those presented in Chapter 3.

others concerned with PROs would be appropriate
Throughout Chapters 2. 3, and 4. case studies

for transmittingthe initialPROS. A briefcover
are presented that illustrateihe process of

pal,e could hiehlight kev assumptions, as well as0 determining PROS. These case studies are
changes, if anv, to the standard equations (i.e.,

contained in boxes with a shadow box appearance-.
those presented in this,,uidance).Following this

Other types of boxed information (e.g.,NC?
brief discussion. the PROs could be presented

quotes) is contained in boxes such as those in
using a tablesimilar to that in Section 3.4 of this

Chapter 1.which have thickerlineson the top inLI
t,uidance.

bottom than on the sides.

The Rl/'FS Guidance recommends that

chemical- and/or risk-based remedial objectives

-6-



CHAPTER 2

EDENTMCATION OF PRELEM[INARY
REMEEDIATION GOALS

This chapterprovidesguidanceon.theinitial
identificationofPROs duringthescopingphaseof CONCEYMAL SITE MODEL
the RI/FS. As discussedin Chapter 1,
medium-specific PROS (ARAR-bmd and/or During projeceplanning,the RP,%4 gathersand
risk-based)should be identifiedduringscoping for ana" availabic.inibrmationand developsthe

all chemicals of potentialconcern usine readilv conceptualsitemodel (alsocalledthe conceptual %lo
availableinformation Sectionsare provided in evaluationmodel). This model isused to asses

thischapter on how to use thisinformationto thematureand the extentofcontamination.Italso

identifymedia and chemicalsof potentialconcern. identifiespotentialcontarrinantsources,potential C,

the most appropriate future laxiduse, potential
exposure pathways,and potentialhuman anctlor T-

exposure pathwavs. toxicitvinformation,potential
environmentalreceptors.Further.thismodet helps

c
toidentifydata gaps and assistsstaffindcwiopin,!

ARARS. and risi-basedPkGs. Finally.a section
strate2icsfor data coll".ion.,Site historyan;

isprovided on the modificationof PROS. PA/Sf data genemity are ezrcmein*usefulsources
of informationfordevelopingthismodel The

When using PROs develot)edduring scogine, conceptualsitemodel should inciudeknown and
the design oneineers shou..*.',understand thatthese suspected sources of conmmination, rvM of

;;av be modified sienificantivderenditit on contftminantsand wbcted media. known and

information glthered about the site. Ile potentialroutesof migration.and known or

subsequent process of identifyingkev site potentialhum2m and enviromnentalreceptors.

contaminants, media. and other factors(i.e..during

the baselineriskassessment)may requirethatthe

focus of the RDFS be shifted(e.g..chemicals

without ARARs may become more or less the nextpage foran introductionto the firstSite.

important). Thus. the design of remedial (The radiationcase studv is addressed in

alternativesshould remain flexibleuntil the Chapter 4.) 'Me informatio@(e.g.,to:ucirvvalues)

modified (i.e..nore final)PROS are available. contained in these case studiesisfor illustration

oniv. and should not be used for anv other

Prior to identifvingPRbs during scopine.a 2uERose 'Mese case studieshave been simplified

conceptual SiteMO@el should be developed (see (e.g..only ground water willbe examined) so that

the next box). Originally-developedto aid in the stepsinvolved in developing risk-basedPROS

planning siteactivities(e.g..the RI/FS), the can be readilydiscerned.

conceptual site model also containsinformation

that is valuable for identifyingPROS. For 2.1 MEDIA OF CONCERN
example. itcan be reliedupon to identifywhich

media and chemicals need PRGS. More During scopine.the firststep in developint,
information on developing and usinga conceptual PROS isto ideneih,-themedia ofpotentialconcern.
sitemodel during the RIIFS processcan be found The conceptual sitemodel should be very useful
inChapter 2 of the RUFS Guidance and Chapter 4 forthisstep. These media can be either:
of RAGS/IiHEM PartA.

currentiv contaminated media to which
To illustratethe process of calculating individu*aismav be expostilor throu,!hwhich

risk-basedPRCis at the scoping stage of chemicals may be transported Eu putenLiUl

remediat@ion,hypotheticalCERCLA siteswillbe receptors:or
examined in boxes in appropriate sections

throughout Chapters 2.3.and 4. See the box on

.7.



2.2 CHEMICALS OF CONCERN
CASE STUDY. INMODUCRION

The XYZ Co. We coomins an abandoned
7lis step involvesdevelopine an initiallistof

indusuim fawitythatisadja=t w a high-
chemicals forwhich PRCrs need to be developed.

deauty residentialneighborhood.Renumts of Chaptea 4 and 5 of RAGSrrME.M PartA grovide

drums, lagoons.and wme pileswere found at imggrtant additionalinformation on -identitdne

the site.Ground water inthearea ofthesiteis chemicat of Rotentialconcern for a site-and

used by residentsas a domesticwater supply. should be consulted priorto dcvel02ment of the

There isalsoa smalllakedowngmdient from the concet)tualsitemodel and PROs at sc02in

sitethatisusedby s= of thelocalreside=

forfmlmg and swimming. Initiaffy,the listof chemimls of potential

concern should include any chemical reasonably

expected to be ofconcern atthe sitebased on what

isknown during scoping. For example.important
currentlvuncontaminated media that may chemicals previouslydetected atthe site.based on
become contaminated in the futuredue to the PA/Sl. the conceptual sitemodel, or other
contaminant transpom priorinvestigations,generallyshould be included.

C)
In addition,thelistmay includechemicals thatthe

Sevemi important media oftenrequiringdirect sitehistoryindicatesare likelyto be presentin
K-

remediation are ground water,surfacewater,soil, significantquantities,even though thevmav not vet C:)
and sedimenl Curiently,only the fmt threeof be detected. Sources of this la@ter'type*of C:)
these media are discussedin thischapter and informationincluderecords of chemimis used or
addressed by the equaeions provided inChapters 3 disposedatthe facilicytand interviewswith current
and 4. If other media that may requirethe- or former employees. The Listalso may include
development of risk-basedconcentrations(e.g.. chemicals thatare probable degradation products
sediments) are identifiedat scoping,appropriate ofsitecontaminants where theseare determined to
equations fbr those media should be developed. be potentialcontributorsof significantrisk. An
Regional risk assessorsshould be consulted as environmental chemist should be consulted for
earlyas possibleto assistwith thisprocess. assistanceindetermining the probable degradation

products of potentialsite-relaledctiemimis and

theirpersistenceunder siteconditions.Generally
CASE STUDY.- IDENTIFY MEDIA the chemicals forwhich PRCM should be developed

OF CONCERr4 will correspond to the listof suspectedsite

contaminants included inthe sampling and analysis
'ThePA/Sl forthee=mple siteindicatesthat

plan.
ground water beneath thesiteiscontaminau:cl
The source of tt@sconmaunauon appears w

have been appradmately 100 leakingdrums of 2.3 FUTURE LAND USE
variouschemicalsthatwere buned.inthesoilbut

have sincebeen removecl Lagoons and waste This step involves identifvingthe most
pilesalso may have contributedto the appropriatefutureland use forthesiteso thatthe
contamination.Thus,ground waterand soilare appropriate exposure pathways, parameters. and
niediaof concem

equations(dL%,med in the next section)can be

Although evidence of lake water
used tomiculate risk-basedPRGS. RAOSiliHElyl

contaaiinationwas not found duringthePA/SL PartA (Chapter 6) and an EPA Officeof Solid

there is a reasonablepossibilitythatitmay Waste and Emergency Response (OSWER)

become contaminatedin the futuredue to directiveOn the role Of Eliebaseline risk

contaminant transporteitherviaground-water assessment in remedy selectiondecisions(.EPA

discharge or surfaceWater run-otf. Thus, 1991b) provide additional(,uidanceon identifying

suri@ice%%21cr(the iaice)and seclimenEsalsomay futureland use. The stan@ard defaultequations
be media of concern. provided in Chapter 3 of Part B only address

residentialand commerciallindustrialland uses. If

land uses other than theseare tobe assumed (e.g..

recreational thenexposure paEhwa,,,s.parameters.

les



For example- ifresidentialland use isnot deemed
CASE STUDY-. MENN" CHEMICALS to be appropriatefora particularsitebecauselocal

Of COt4CERN zortinglawsprohibitresidentialdevelopment.any
changes in localzoning would need to be

'rbe?AISI fortheXYZ Co.siteidentifiedthe monitored. Such considerationsshouldbe cleartv
following seven ch=icais in _aound-water documented in Eliesite'sROD.
samples. benzene, edwyll,-Pnc, hexane,
isoptiorone.triafttc,1,1.2-trichloroethaae,and
virm chloride.Therefore.thesechemicalsare

CASE!@-,TUDY: IDENTIFY FUTUREobviousctioicesfor cheniicalsof potential
L@ND USEconcern.

AlthouSh not det=ed in any of the PA/Sl Based on esmblishedland-usetrends.local

sampim sitehistory@.adicatesdw one other
renovationproject%and populationgrowth

solvent-carbon tetrachloride- alsowas usedin ons intheareaoftheXYZ Co. site.the

significant-quantitimbythefacilitythatoperated most reasonablefutureuse of the land Ls

atthesite.Thischemicaltherefomis2,letcdto determinedto be residentialuse. Thus,site- cc

thelistofchemicalsofpotentialconcern. specificinformationissuffimenttoshow thatthe
generallymore conservativeassumptionof
residentialLand useshouldserveas thebasisfor
development of risk-basedPROS.

and equations Will need to be developed for Elie
C)

othersas well

2.4 APPLICABLE OR RELEVAINT
In general.residentialareasshouldbe assumed AIND APPROPRIATE

to remain residentialSiEesthataresurrounded by
REQUMINMNTSoperatingindustrialfacilitiescan be assumed to

remain industrialareas unless there is an
indicationthatthisisnot appropriate.Lacking Chemical-specificARARs are evaluatedas

site-specificinformation(e.g.,at scoping),itmay PROs because theyare often readilyavailableand

be appropriateto assume residentialland use. providea preliminaryindicationabout the goals

Tnis assumption willgenerallyleadtoconservative thata remedialactionmav have toattain.This
step involvesidentifyingall readilyavailable(i.e..lower concentration)risk-basedPRGS. Ifnot

enough site-specificinformationisreadilyavailable chemical-specificpotential,kRARs for the

at scoping to selectone futureland use over chemicalsof potentialconcern (foreach medium

another,it may be appropriateto develop a and probable landuse). Because at scopingit

separateset of risk-basedPROs foreach possible oftenisuncertainwhich potentialARAR isthe

land use. most likelyone tobecome theARAR-based PRO,
allpotentialARARs should be includedin a

When waste willbe managed onsite,land-use tabularsummary (i.e..no PotentialARAR should

assumptions and risk-based*PRO development be discarded).Ifthereisdoubt about whethera

become more complicatedbecausetheassumptions valueisa potentialARAR. and therefoeewhether-

forthe siteitselfmay be differentfrom the land itcould be used asa PRO, itshould be includedat

use in the surrounding area.For example.ifwaste thisstage.

is manai!ed onsite in a residentialarea.*the
This sectionsummarizes the concept ofrisk-base7dPRGs forthe ground water beneath the

Site (or atthe edge of thewaste management unit) ARARs and idenEifleS the major typesofARARS.
but providesonivlimitedtuidanedon identifvinemav be based on residentialexposures.but the

risk-basedPROs forthesitesoilsmay be based on theMOSE appropriate(likely)ARAR ofallpossible

an industrialland use withsome management or ARARs o use as the chemical-specificPRO.-.

institutionalcontrols. More deeailedinformationaboutthe identification
and evaluationof ARARs isavailablefrom two

Ifa land-useassumptiotiisused thatisless important sources:

conservative(i.e..leads to higher risk-based
0 the NC? (see specificailv 33 Federal Rc,7sterconcentrations) than another, it generally will be

th

th-

L

site-
the
of

t

or

necessarv to monitor the future tlsesof that site. 3741-S-i66fora descriptionof ARARS. and

-9-



8712-8715 forusingARA.Rs as PROS. seealso (FWQC) are common ARARs (and,therefore.
53 Feden2iP.-gisw51394);and potentialPRC,@)forground water.Other m,lm of

laws,such as stateanei-degmdationlaws.may be
CERCLA Compliance ManuaLs (EPA 1988a PROs if they are accompanied by allowable
and 1989a). concentrationsof a chemik2L (tkithoughstate

anti-degradationlaws that are expressedas
2.4.L CHEMICAL., LOCATION., AND qualitativestandardsmay also be potential

ACMON-SPECMC ARARs ARARS. theygenerallywould not be considered
PROS.)

The Agency has identifiedthreegeneraltvpes
of federaland stateARARS: As detailedintheNCP (seenextbox),thefirst

step in identifvingground-waterPRGs is to
chemical-speciffare usuallyhealth-or risk determinewhet@er the ground water isa current
=nagement-based numbers or methodologies or potentialsourceof drinkingwater. Ifthe
thalwhen appliedto site-specificconditions. aquiferisa potentialsourceof drinkingwater.
resultintheestablishmentofnumericalvalues then potentialARARs generallywillincludethe
(e.g..chemical-specificconcentrationsin a federalnon-zeroMCLO, MCL. or statedrinking
givenmedium); waterstandard,and themost stringent(i.e.,the

lowestconcentration)is identifiedas the most
location-srecifiare restrictionsplacedupon likeivARAR-based PRO.
the concentmtibn of hazardoussubstancesor C)
the conduct of activitiessolelybecausethey
areinspeciallocations(e.g.,wetlands);and NCP ON GROUND-WATER GOALS

(NCP Preamble',
action-12SEific,are usuallytechnology-or 55Fedenzi

.
RegisterS717,MarchS.1990)

actmq-based requirementsor limitationson
actionstakenwith respecttohazardouswastes. 'Groundwaterthatisnotcurrentlya drinking

watersourcebut ispotentiallya dnnkingwater
nis guidanceprimarityaddressesonlychemical- sourceinthefuturewould be protectedtolevels

s2ggjficARARs since it fixuseson Elie appropriatetoitsuseasa dnnkingwatersource.

identificationof chemical-specificconcentrations Ground waterthatisnot an actualor potential

thatrepresenttargetgoals(e.g.,PROS) fora given
sourceof drinkingwater may not require

medium.
remediationto a lo'to 10 tevel(exceptwhen
necessaryto addressenvironmentalconcernsor
allowforotherbenedciaiuses;...

2.4.2 SELECTION OF THE MOST LIKELY
ARAR-BASED PRG FOR EACH
CHEMICAL

Ifthe aquiferisnot a potentialsourceof
Thissectionbrieflydescribeswhich.ifany,of drinkingwater,thenMCLS. MCLCrs. statedrinking

severalpotentialARAR valuesfor a given water requirements.or otherhealtli-basedlevels
chemicalisgenemllv selectedas themost likeiv generallyare not appropriateas PROS. Instead.
ARAR-based PRO (and thereforethemost likely environmentalconsiderations(i.e..effectson
?RG at thispoint).Although the processfor biologicalreceptors)and preventionof plume
identifyingthe most likelyARAR-based PRO is expansiongenerallvdetermineclean-uplevels.If
specificto the medium, in ceneralthe process an aquiferthat *Lsnot a potentialsourceut
depends on two considerations:(1) the drinkingwaterisconnectedtoan aquiferthatisa
applicabilityof theARAR to thesite.and (2)the drinkingwatersource,itmay be appropriateto use
comparativestringencvof the standardsbeing PROs to set clean-upocalsf:;4@*,hepoint of
evaluated.Tle previo@slvciteddocuments should intercoanection.
be carefuliv considered for s2ecific
recommendations on identifvinl,ARARS. For chemicalswithoutlv[CL-s.statestandards.

or nun-zeroNICLGS. the FWQC may be
Ground Water.SDWAm&-dmumconmminant putentialivrelevantand appropriateforliround

levels(rv(CLs),non-zeroMCLGS, statedrinking waterwhen thatground waterdischarlestosurface
waterstandards.and federalwater qualitycriteria water thatisused forfishingor sheilrishins@

lu-



Surf2ce Water.FWQC andstatewaterquatirv 2 litem/davof water ingested),and (3)equations
standards(WQS) arecommon ARARs forsurtace (e.g..to incorporateintake).7ne equations
water.An importantdeterminationforidentifying includecalculationsof totalintakefrom a given
ARARs and otheraiteriaas potentialPROs for medium and are based on the identifiedexposure
surfacewateristhecuffentdesignatedand future pathwaysand associatedparameters.Information
expecteduse ofthe water body. Becausesurface gatheredin thisstepshould be used tocalculate
water potentiallycould servemany uses (e.g., risk-basedPRGs using the defaultequations
drinkingand fishing),severalARAPs may be identifiedin Chapters3 and 4. SiEe-specific
identifiedas potentialPRCs fora chemicalwith equationscan be derivedifa differentsetdf
eachAPAR correspondingtoan identifieduse.A exposurepathwaysis identifiedfora particular
stateWQS [sgenerallythe most likelyARAR for mediu= thb optionalsoisdiscussedinChapters
surfacewater unlessa federalstandardismore 3 and 4.
stringtnl

When risk-basedconcentrationsaredeveloped
Ifsurfacewaterisa currentorpotentialsource during scoping,readilvavailablesite-specific

of drinkinzwater.MCLS. statedrinkingwater informationmay be adequateto identifyand
standards.non-zeroMCLOS. and FWQC are developthe exposure pathways.parameters.and
potentialARAPS. 7be analysisto determine equations(eg.,readilyavailableinformationmay
which of thesedrinkingwaterstandardsisthemost indicatethatthe exposuredurationshouldbe 40 CD
likclvARAR-based, PRG isthe same as that vearsinsteadof thestandarddefaultof30 years).
conductedforground water. An FWQC basedon In the absence of readilyavailablesite-specific
ingestionofwaterand fishmight be an ARAR for information.the standarddefaultinformationin,
surfacewaterused fordrinking. Chapters3 and 4 generallyshouldbe used forthe

developmentof risk-basedPRGS.
Ifthe designatedor futureexpecteduse of

surfacewaterisfishintor shellfishintand the Exhibit2-1 Listsa number of the potential
statehas not promulgateda WQS, an FWQC exposurepathways that might be presentat a
shouldbe consideredas a potentialARAR. The CERCLA site.'rbeexposurepathwaysincludedin
particularFWQC (i.&.forwaterand fishingestion the medium-specificstandarddefaultequations
or fishingestionalone)selectedas thepotential (seeChapters3 and 4)are italicizedinthisexhibit.
ARAR dependson whetherexposurefrom one or Note thatChalpters3 and 4 mav notaddressallof
both oftheroutesislikelytooccurand.therefore. theguosure RathwavsofWssibleimt)ortanceata
on thedesignateduse ot'thewaterbody. Ifother eiven CERCLA site. For example, the
usesof thewaterare designated(e.g.,swimming), consumptionof ground waterthatcontinuestobe
a stateWQS mav be availabl& contaminatedby soilleachateisnot addressed.

Guidance on goal-settingto addressthisexposure
Soil. In general,chemical-specificARARs pathwayiscurrentlyunder developmentby EPA.

mav not be availableforsoil Certainstates. Inaddition.thestandarddefaultequationsdo not
however,have promulgatedor are about to addresspathways such as plantand animal uptake
promulgatesoilstandardsthatmay be ARARs and Ot contaminantsfrom soilwithsubsea-uenthuman
thusmay be appropriateto use as PROS. In ineestiort.Under certaincircumsmn@es.theseor
addition,severalEPA policiesmay beappropriate otherexposure pathways may presentsignificant
to use indevelopingPRGs (eg..seeEPA 1990c risksto human health. The standarddefault
forguidanceon PCB clean-uplevels). information.however.doesaddressthequantifiable

exposure pathways that are oftensignificant

--).,5 EXPOSLTRE PATHWAYS, contributorsof riskfora particularmedium and

PARAIMETERS, AND
landuse.

EQUATIONS Chapters3 and 4 show how exposuresfrom
severalpathways are addressedina singleequation

Tnis step is generallyconductedfor each fura medium. For example.intheequationft)r
medium and land-usecombinationand involves t!ruundwater and surface%vaterunder the
identifvinothe most appropriate(1)exposure residentialland-useassumption.the coefficients
pathwaysand rouees(e.g.,residentialingestionof incorporatedefaultparameter %@dluesforingestiun
drinkingwater),(2)exposureparameters ofdrinkinl,waterand inhalationofvolatilesduring



EXHIBIT 2-1

TYPICAL EXPOSURE PATHWAYS BY MEDILriNt
FOR RESIDENTIAL AND COMMERCLAI.JINDusrRiAL LAND USr: gab

Exposure Pathways.Assuming:

Medium ResidentialLand Use Commerciablndus trialLand Use

Ground Water ingesam fmm drinbm Ingestionfrom drinkine

IPI,nintionofvok&dks Inhalationofvolatiles

Dermal absorptionfrom bathing Dermal absorption

Immersion -extemal@

SurfaceWater ingationfrom dr&iking Ingestionfrom drinkingd 0

inhakuionofvokLoAn Inhalationofvolatiles

Dermal absorptionfrom bathing Dermal absorption

Ingestionduringswimming

Ingestionofcontaminatedfish

Immersion -caernatc

Soil Inga*on

Tnh2l2tionof particulates Inhaladonofpankulata

Inhalationofvolatfles Inhaladonofvola

D&wa awnd evemi@ D&ea caernalcrposurce

Exposure to groundwatercontaminated Exposure toground watercontaminated.
by soilleachate by soilleachate

Ingestionviaplantuptake Inhalationof particulatesfrom trucks
and heavy equipment

Dermal absorptionfrom eardening

Listsof landuses,'medi&and almure pathwaysarenot comprehensive.

b Exposure pathwaysincludedinRAGS4UiEM PartB standarddefaultequations(Chapters3 and 4)are
italicized.

c Appliesto radionuclidesonly.

LiBecause the 14CP encourages protectionof ground waecrto maximize itsbeneficialuse,risk-basedPRGs
generalivshouldbe basedon residentialexposuresonce (yround%vaterisdetermined tobe suitablefordrinking.
Similart@.when surf3cewaterwillbe used fordrinking'L!eneralstandards(e.g.,ARARS) are tobe achieved
thatde@inelevelspmtectiveforthepopulationatlare.e.notsimplywt)rkerpopulations.Residentialexposure
scenariosshould ,uiderisk-basedPRO developmentforingestionand otherusesofpotableWater.



householdwater use. Fulldetailsof parameters the absence or presence of important exposure
used to develop each equation and a summary of pathways.bemuse remediation goals should be
the "reduced"standard defaultequations are designedfor specificareas of the sitethat a
providedintheten ofthesechapters. particularremedy must address.and exposures

expected for one area of the Site may differ
Certainmodificationsof thedefaultequations significantlyfrom those expectedin another area.

may be desirableor necessary.For example, ifan
exposure pathway addressedby an equation in 2.5.1 GROUND WATER/SURFACE WATER
Chapter 3 seems inappropriateforthe site(e.g.,
because the water conmins no volatilesand. The residentialland-use defaultequations
therefore,inhalationof volatflesisiffelevant),or presentedinChapters3 and 4 forground wateror
if informationneeded for a pathway (e.g..a surfacewater are based on ingestionof drinking
chemical-specificinhalationslope factor [see waterand inhalationof volatile(vapor phase)
Section2.61)isnot readilyavailableor derivable. chemicalsoriginatingfrom the household water

then thatpathway can be disregardedat thissmge. supply (eg., during dish washing, clothes
C\i

The decisionabout whether the riskassessor
laundering.and showering).

C::@*

should collectsite-spedfichuman exposure Ingestionof drinkingwater isan appropriate 0
pathway information(e.g..exposure frequency. pathway forallchemicalswith an oralcancerslope
duration.or intakemte data)isvery importanl factoror an oralchronicreferencedose. For the
'Mere will frequentlybe methods availableto purposesof thisguidance,however. inhalationof
pther such infomation,some ofwhich are more volatilechemicals from water is considered.
expensiveand elaboratethan others.Determining routineivonly forchemicalswith a Henry'sLaw
whether the resultingdam are reasonably constantof 1 x 10'satm-mJ'/Moleor greaterand
representativeof populationsin the surrounding witha molecularweight of lessthan 1.00&/mole.
area.however.isoftendifficullCollectingdataby Beforedetermininginhalationtoxicityvaluesfora
surveyingthose individualsmost convenientor specificchemical (SectionZ.6).it should be
accessibleto RPMs or risk assessorsmay not confirmedthat the Henry's Law constantand
presenta complete populationexposure pictum molecularweight are in theappropriateraneefor
In fact.poorivplanned datagatheringeffortsmav inclusionin the anh2i2tionpathway forwater.
complicate t@e assessment process. For exampt@,
those survevedmav come to believethat their Defaultequationsaddressingindustrialuse of
contributionswillplaya more meaningfulrolein around water are not presenteclBecause the NCP
the risk.assessmentthan thatplanned by the risk encouragesprotectionof ground water to its
assessors:thiscan resultinsignificantdemands on maximum beneficialuse. once ground water is
the riskassessor'stim& determinedto be suitablefordrinking.risk-based

PRGs generallyshould be based on residential
]3e,,'oresuch dam collectionhas begun, therisk exposures.Even ifa siteislocatedinan industrial

assessorshould determine,with the aid of area.the ground water underlyinea sitein an
screeninganaivses.what benefitsare likelyto industrialarea mav be used as a drinkingwater
resUiL COiletion-ofthegUMure datad"ed source for residen'Lsseveralmiles a,,va)rdue to
in thissectiontenemilyshould not be attem2ted complex geologicalinterconnections.
unlesssilnificantdifferencesare likeivtoresultin
finalreasonablemaximum ex2)Lsure(RME) risk 2.5.2 SOIL
estimates. If dam collectionis warranted,
svstematicand well-consideredeffortsthat The residentialland-usestandard default
minimize biasesin resultsshould be undertaken. equationsfor the soil pathway are based on
Estimatesof futureexposures-are likelyto rely e,.posurepathwaysof ingestionof chemicalsinsoil
heavilyon conservativeexposure assumptions. By or DUSL The industrialland-useequationsare
definition.theseassumptionswillbe unaffectedby based on threeexposure pathways: ingestionof
e%-enthe most extensiveeffortsto characterize it)iland dust.inhalationof particulates.and
currentPUPUiaEion activity. inhalationofvolatiles.Again. forthe purpt)sesk)t,

this(,Uidance.inhalationof volatilechemicalsis
AE this SEai!e.the riskassessor.siteengineer. relevantuniv forchemicals with a Henrv*s L;A%v

and RPM should discussinformationconcerning constantof 1 x 10" atm.m moie or tyreaterand



witha molecularweightofleuthan200S/mote- (513-569-7300)or by FAX at FT'S-684-7159
For theinhalationpathways,inadditiontotoxicity (513-569-7159).Others must fax to the above
information.severalchemical-and site-specific number or writeto:
valuesareneeded. These valuesincludemolecular
diffwivity.Henry'sLaw consmnt.organiccarbon SuperfundHealth Risk TechnicalSupport
partitioncoefficient.and soilmoisturecontent(see Center
Chapter3 fordetails). EnvironmentalCriteriaand AssessmentOffice

U.S.EnvironmentalProtectionAgencv
Mail Stop 114

CASE STUDY: IDENTIFY EXPOSURE 26 West Martin Luther King Drive
PATHWAYS, PARAMETERS. Cincinnati.Ohio 45268

AND EQUATIONS
Other toxicirvinformationthatshould be

For the potentialresidentwland use obmined includes F-PA!s weight-of-evidence
iden0ed atthe,\-aCo.site,thecontaminated

classificationforcarcinogens(eg.,A. B I)and the
groundwater(oneofseveralmedia ofpotential

sourceoftheinformation(e.g..IRIS,HEAS7).concern)appearsto be an importantsourceof
futuredomesticwater. Becausesite-speac

Note thatthroughoutthisdocument. the*term
(D

inkwmtion isnotinitiallyavailableto develop vl-
specificexposurepathways,parameters.and hazardindex(HI)isusedtoreferto therisklevel
equations,thestandarddefaultassumptiom and associatedwith noncarcinogeniceffects.An HI is C)
equationspxmdidinChapter3willbeusedto thesum of two or more hazardquotients(HQs). C)
calculaterisk-basedPRG;L Exposurepathways An HQ istheratioofan exposurelevelofa sinele,
of concernforgroundwater,therefore,are substancetothe RfD forthatsubstance.Because
assumed to be mgmuon of ground wateras RfDs aregenerallyexposurepathwav-specific(eg.,
drinkingwaterand inhalationof volaulasin inhalationPJD), the HQ isa singlesubstance/
groundwaterduringhouseholduse. singleexposurepathway ratio.An HL on the

otherhand,isusuauy eithera singlesubstance/
multipleexposurepathway ratio,a multiple
substance4ingleexposurepathway ratio.or a

2.6 TONJCITY INFORMATION multiplesubsmnceimultipleexposure pathway
ratio. In thisdocumen4 however,oniv one

'Mis stepinvolvesidentifyingreadilyavailable exposurepathway is includedin (he default

toxicityvaluesforallof thechemicalsofpotential equationfor some land-useand medium

concern foraivenexiposurepathwaysso thatthe combinations(e.g.,residentialsoil).In orderto

appropriateslopefactors(SFs.forcarcinogenic remain consistent.the term HI has been used

effects)and referencedoses (RfDs: for throughoutRAGS/14HEM PartB.even thoughfor

noncarcinogeniceffects)are identifiedor derived sucha pathwav,theterm HQ couldappiv.

for use in the site-specificequationsor the
standarddefaultequations.Therefore.Chapter7 2.7 TARGET RISK LEVELS
of RAGS/HHEM ?artA -shouldbe reviewed
carefullvbefore2roceedinewiththisstep, 71as step involvesidentifyingtargetrisk.

concentrationsforchemicalsof potentialconcern.
The hienrchv forobtainingEOXiCi(Vvaluesfor T"nestandarddefaultequationspresentedin

risk-basedPR(a@ isessentiallythe sa'meas that Chapters3 and 4 arebasedon thefollowingtareet
used in the baselineriskassessmenl *Brieflv. risklevelsfor carcinogenicand nonearcinocenic
IntegratedRisk InformationSvstem (IRIS)ist@e effects.
primarvsourcefortoxilirv:Information:ifno
verifiedtoxicirv@-alueisavailablethroui!hIRIS. For carcinozeniceffectsa concentrationis
then Health EffectsAssessment Summarv Tables calculatedthat correspondsto a 10"
(HF-AST) isthenextpreferredsource. V@hen the incrementalriskof an individualdevelopin,-,

developmentof a toxicityvalue isrequired(and cancerover a lifetimeasL resultof exposure
appropriatedataare-available).consultationwith tothepotentialcarlinot,enfromallsilnificint
the Superfund HealthRisk AssessmentTechnical exposurepathwa%,sfora ,ivenmedium.
Support Center is warranted. EPA staffLan
contact the Center by LmllingFT'S-684-7-100



CASE STUDY.- IDE?MFY TOXICM tNFORMlno(43

Reference ta=ty valuesforcancerand noncancer effecu(i.e..SFs and RiDs. respec,.rvctv)are requiredfor
chenuc2iswithoutARAR-based PRGZ, (untvthe== Stuq teMiCaLSwithout ARARs arelistedhe-c).Considering
the Smund-WaEcr medium ontv,ingestionand inhs%'2uonare exposurepathwaysofconcern. T=Lttv information
is obtained from IRIS and HiAsi. and isshown in the table below.

RtD SF Weight Of
Chemical (mglkg-dav.) Source (mg/kg-day) Evidence Source

F-XPOSURIE ROUTF-- INGEMON

Hamne 0.06 HFAST -

Isophomne ol MIS 0.0039 c HE.AST

Triailate 0.013 IRIS -
C::J-

E,XPOSURE ROUM- INHALATION C:t

Hc=ne 0.04 HEAST - C)

Isoptiorone - - c HEAST

Triallatq

C)
3
All information in thise=mple isfor illustrationpurposes only.

For noncarcin2genicefflcu a concentrationis chemicals of concern. media. and pathways or
calculatedthat corresponds to an HI of 1. revisingindividualchemical-specificgoals.
which is the level of exposure to a chemical

ftm allsignificantexposure pathways in a 2.8.1 REVIEW OF ASSUMPTIONS

given medium below which it is unlikely for

even sensitive populations to experience Media of Coneem. As a guide to di'termininiz

adverse health effects. the media and chemicals of potential concern. the

OSWER directive Role of the Baseline Risk

At scoping, it generally is appropriate to use Assessmentin Suvafimd Rented

*

v Selecnon Decisions

the standard default Earcretrisk levels described (EPA 1991c) indicates that action is t,enerailv

above and discussed in the NCP. That is.an warranted at a site when the cumulative

appropriate point of departure for remediation of carcinogenic risk is greater than 10-4 or the

carcinogenic risk is a concentration that cumulative noncarcino(!enic HI exceeds I based t)n

corresponds to a risk of 10"' for one chemical in a RMF- assumptions. 'r@us. where the baseline risk

particular mediuffl For noncarcinogenic effects. assessment indicates that either the cumulati%-e

the NCP does not specify a range, but itgenerally current or future riskaSSOCiaEed with a medium is

isappropriate to assume an HI equal to 1. greater than 10-4 or that the HI is ireaeer than 1.

that medium presents a concern. and it(-,enerail\,ib

2.8 MODIFICATION OF appropriate to maintain risk-based PRGs itir

PRELMNARY
contaminants in that medium or develop risk-buscd

PRGs for additional media where PRGs are ntit
REMEDIATION GOALS

clearivdefined bv ARARS.

Upon completion of the baseline risk
When the cumulative current or t*ULUrC

assessment (or as soon as data are available).itis baseline cancer risk for a medium is within -(tic
important to review the future land use, exposure

ranze of 1U"6 to tU-4.a deci:iiunabout whether tir

assumptions. and the media and chemicals of
not to take action isa site-specific(icterminatit)tl.

potential concern oricinally identified at scupine.
Generailv. risk-based PRG:I are not needed [or an%

and determine whether PRGs need to be modified. @hemimi's in a medium with a Cumulative can,@c
.

r
Modifimtion may involve adding or subtracting risk of less than 10". where an HI is It.'$Sthan @r



equal to 1.or where thePROS areclearlydefined the likelihoodthatthe assumed futureland use
by ARARS. Howmr. theremay be caseswhere a willoccur.
medium appears to meet the protectiveness
criterionbut contributesto the contaminationof Exposure Pathwa.vs, Parameters, and
anothermedium (& Equadons. For exposurepathwavs,thisprocessof_g,soilcontributingto ground-
water contamination).In thesecases.itmav be modifvingPROS consistsof adding or deleting
appropriatetomodifyexistingor developnew risk- exposure pathways from the medium-specific
based PROS forchemicalsof concern in thefirst equationsin Chapters3 and 4 to ensure thattht
medium. assuming thatfateand transportmodels equation accounts for all significantexposure
can adequatelypredictthe impactsof concernon pathways associatedwith thatmedium at the site.
other media. EPA is presentlydeveloping For ammple., the baselinerisk meessment may
guidance on quantifyingthe impact of soil indicatethatdermal exposureto contaminantsin
contaminationon underlyingaquifers. soilisa significantcontributortositerisilInthis

case.the risk-based?RGs may be modified by
Chemicals of Concern. As with the initial addingequationsfordermal exposure. EPA policy

media of potentialconcern.the initiallistof on assessingthis pathway is currentlyunder
specificchemicalsof potentialconcern ina given development: the riskassessorshould consultthe
medium may need to be modifiedto reflect Superfund Health Risk TechnicalSupport Center
increasedinformationfrom the RI/FS concerning (FTS-684-7300or 3l')-569-7.')00)to determine the
theimportance of thechemicalsto theoverallsite currentstatusof auidance. Likev4m when 0
risk. Chemicals detectedduring the RLIFS that appropriatedata (e.g..on exposure frequencyand
were not anticipatedduring scoping should be duration)have been collectedduring the RIIFS.
consideredforadditionto thelistof chemicalsof site-specificvalues can be substitutedfor the
potentialconcern;cb=Wcals anticipatedduring defaultvaluesinthemedium-specificequationl
scoping thatwere not detectedduringthe RI/FS
should be deletedfrom thC liSL Ultimately.the 2.8.2 IDENTMCAIION OF
identityand number of contaminantsthatmay UNCERTADR=
requirerisk-basedPRGs depends both on the
resultsof the baselineriskassessmentand the The uncertaintyassessment for PRGs can
extent of action required,given site-specific serveas an importantbasisfor recommending
circumstances. furthermodificationsto thePRGs priorto s'ettine

finalremediationgoals.Italsocan be used during
Following the baselineriskassessment.anv the post-remedvassessment(seeSection2.8.4)to

chemical that has an associatedcancer risi ideneifvareasn@wing particularattention.
(currentor future)withina medium of greater
than 10-6or an HI of greaterthan:I shouldremain Risk-basedPROS are associatedwith varied
on the listof chemicalsof potentialconcern for levelsof uncertainrv,depending on many factors
that medium. Likewise.chemicalsthatpresent (e.g..confidencethatanticipatedfutureland use is
cancer risksof lessthan 10'6generallyshould not correct).To placerisk-basedPROs thathave been
be retainedon thelistunless-thereare significant developedfor a sitein proper perspective.an
concems about multiple contaminants and assessmentof theuncertaintiesassociatedwith the
pathways. concentrationsshould be conducted. This

assessmentissimilarto the uncertaintyassessment
Und Use. Afterthe RI/FS.one futureland conducteddurincythebaselineriskassessment(See

use can usuallvbe selectedbasedon the resultsof RAGS,IIHF-M Pan A. especiallyChapters 6, 7
the baselineriskassessmentand discussionswith and 1). In fact.much of the uncertainty

theRP.M. Inmany cases,thislandusewillbe the assessment conducted for a site'sbaselinerisk
same as the land use identifiedat scoping. In assessmene will be directly applicable to Elie
othercases.however,additionalinformationfrom uncertaintvassessmentof the risk-basedPROS.
the baselineriskassessmentthatwas not available
atscoping mav sugvesemodifyingthe initialland- In 4,eneral.each component of risk-based
use and exposure assumptions. A qualitative PROs discussedin (hischapter- from media of
assessmeneshould be made - and should be puteneialconcern totargetrisklevel- should be
availablefrom the baselineriskassessment- of e.Namined.and the major areas of uncertaintv

highlil,hted. For example. the uncertainty

-16-



associatedwith theselectedfutureland use should
be dis.-@ Furthermore.theaccuracyof the NCP PREAMBLF- EXPOSURE.
technicalmodels used (e.g.,forvolatilizationof TECHNICAL AND
contaminants from sail)to reflectsite-spet--ific UNCERTAINTY FACTORS
conditions(presentand future)should be (55FederalReoter8717,Mamt S.1990)
discussed. If site-specificexposure assumptions
have been made, itis particularlyimportantto *Preliminaryremecfiationgoals.- may be

document the dam supportingthoseassumptions revised- based on the considerationof

and to assesstheir relevancefor potentially appropriatefactorsincluding.butnot limitedto:
upmure factors.uncertaintyfactors.and technical

exposed populations. factom Includedunder exposure-actorsam

As the chemical-and medium-specificPROs
cumulativeedea of multiplecontaminants.the
potentialforhuman exposurefrom otherpaEhv6in

are developed.many assumptions regardingthe at the site.populationsensitivities,potential
RME individual(s)are incorporated.Although impactsan environmentalreceptors,and cross-
PROs are believedto be fullyprotectivefor the media impactsof alternatives.Factorsrelatedto

\0
RME individual(s).the proximityof othernearby uncertaintymay include: the reliabilicyof

sources of exposure (e.g..other CF-RCLA sites. altematrvm the wet2hE of scientificevidence IIZT

RCRA facilities.natumliv occurringbackground concerningexposures and individualand C)

contamination)and/or th@ existenceof Eliesame cumulativehealtheffects.and the reliabilityof

contaminantsin multiplemedia or of multiple exposuredata. Technicalfactorsmay include:

chemicalsaffectingthe same population(s).may
detectioniquantificationlimitsfor contarainanm C)

technicallimitationstoremccltation.theabilityto
lead to a situationwhere. even afterattainment@f monitorand controlmovement of contaminants,
allPRGS. protectivenessisnot clearivachieved and backgroundlevelsofcontaminants.The dul
(e.g.,cumulativerisksmay falloutsidethe risk selectionoftheappropriaterisklevelismade when
ran e). The more likelyitis thatmultiple theremedy isselectedbasedon thebalancingof9
contaminants,pathways.operableunits,or other critena-"
sources of toxicantswill affectthe RME
individual(s),the more likelyit willbe that
protectivenessis not achieved. This likelihood
shouldbe addressedwhen identifyinguncertainties.

2.3.3 OTHER CONSIDERATIONS IN NCP RULE. EXPOSURE, TECHNICAL
MODIFYING PRGs AND UNCERTAINTY FACTORS

(40CFR 300.4.4Xe)(2)(i))
The NCP preamble and rulestatethatfactors

relatedto exposure,technicallimitations.and "(i)-.Remediationa is...sriallbe developedby.

uncertaintvshould be consideredwhen modifying consideringthe followint-,:

PROs (see nect two boxes)and settingfinal
-(A) Applicableor relevantand appropriate

remediationlevels.
requirements...and Ehe foilo%vin,,factors:

While thefinalremedialactionobjectivesmust '(1) For systeniictoxicants.accepeable
satistvtheoriginal"thresholdcriteria'ofprotection
of h

.
uman @eaith and the environment and

exposure leveLs...,

compliance With ARARS. the factorsin the "(2)For kno%vnor susuectedcarcinogens.
"balancingand modifyingcriteria'(listedinSection acceptablee.%=ure levels...
1.3.2)alsoare consideredin the detailedanalysis
forchoosing among remedialalternatives.Incases Factorsre!ate-@c technicallimitations

where the alternativethat representsthe best such is detection/quantificationlimitsfor

balanceof factorsisnot able to attaincancerrisks contaminancs:

withinthe riskrangeor an HI of 1.institutional
"(4)Factorsre!n(ee,tounccriatnir,and

controlsmay be used to supplement treatment
and/or containment-basedremedial action to '(1)Otherpertinentinformntion.'
ensure prUEeCEicnof human health and the
environment.

.17.



Note thatintheabsenceof ARARS. the 10"6 '-.&4 POST-REMEDY ASSESSMENT
cancerriskOpointof deparmm* is used as a
startingpointforanalysisofremedialalternatives. To ensurethatprotectiveconditionscd3tafter
whichreflectsEPKs preftmace fbrmanaging risks the remedy achievesallindividualremediation
attheMore protectiveend of theriskrange.other levelssetout intheROD, theregencrailvwillbe
thingsbeingequ&L Use of Ot)ointof derarturew a site-wideevaluationconducted iollowing
carizetrisksin thiseuidancedoes not-reflecta completionof a site'sfinaloperableunit(eg,
Rresum2tionthatthefinalremedialactionshould during the rive-yearreview). This site-wide
attainsuchfzoals,(SeeNCP preamble,55 Federal evaluationshould adequatelycharacterizethe
Regmer 8718-9.) residualcontaminantlevelsand ensure thatthe

post-remedycumulativesiteriskis protective.
More detailedguidanceon the post-remedv
assessmentof siteoprotectivenessnis currently
under development by EPA.

CD



CHAPTER 3

CALCUIATION OF RISK-BASED
PRELEM[INARY REMEEDIATION GOALS

This chapterpresentsstandardizedexposure conditions.theriskassessorshouldmodify thefull
parameters,the derivationof riskequations,and equations.and/ordevelopadditionalones. Risk
the corresponding"reducew equations,for equationsforindividualexposurepathwavsfora
calculatingrisk-basedPROs at scopingforthe givenmedium arepresentedinAppendix B of this
media and land-useassumptions discussedin document. and may be used to developancl,or
Chapter2 (i.e..ground water.surfacewater.and modifythefallequations.(Seetheintroductionto
soilfor residentialland use, and soilfor AppendixB formore detailedinstructions.)
commercial/industriallanduse).Both carcinogenic
and noncarcinoeeniceffects- are addressed. Beforeexaminingthecalculationofrisk-based CD
Standardized default exposure parameters PROS. severalimportantpointsshouldbe noted:
consistentwithOSWE;R Directive9285.6-03(EPA
1991b)are used in thischapter where default L;seof toxicityvaluesin the equationsas
parametersare not availablein thatguidance,the writtencurrentlyamumes 100 percent
referencesused arecited.Ifothermedia requiring absorptioneffeciency.Thatis.forthesakeof
risk-basedPRGs are identifiedduringthe RL/FS. simplicityat scoping,itisassumed thatthe
or other exposureparametersor land uses are dose administeredto testaaimalsin toxicity
assumeclthen appropriateequationswiU need to studieson which toxicitvvaluesare based%,as
be modifiedor new ones developed. fullyabsorbed.This assumptionmay need to

be revisedincaseswhere to:dcitvvaluesbased
Risk-basedequationshave been defivedin on route-to-routee=polation are used.or

ordertoreflectthepotentialriskfrom exposureto therearesignificantdifferencesinabsorption
a chemical.givena specificpathway,medium and likelybetween contaminantsinsitemedia and
land-usecombination.By settingthetotalriskfor thecontaminantsin thevehicleused in the
carcinogeniceffectsat a targetriskImi of 10-6 toxicitystudy.Chapter7 and AppendixA in
(the NCP's pointof departureforanalysisof RAGSI-IHF-M PartA (EPA 1989d)provide
remedialalternatives),itispossibletosolveforthe additionaldetailson thispoinl
concentrationterm(i.e..therisk-basedPRO). Tne
totalriskfornoncarcinogeniceffectsissetatan 0 The risk-basp-dPRGs should containatmost
HI of 1 foreachchemicalina particularmedium. two significantfigureseven though some of
Full equationswith pathway-specificdefault the parametersused inthe reducedequations
exposurefactorsam presentedin boxeswith carryadditionalsignificantfigures.
uniformly thin borders. Reduced equationsare
presentedin thestandardboxes(i.e.,thickertop 0 The equationspresentedin thischapter
and bottom borders).At theend ofthischapter. calculaterisk-basedconcentrationsusint,
the case studv thatbegan in Chapter2 is inhalationreferencedoses (RfDis) and
concluded(by showing how to calculateand inhalationslopefactors(SF,s).Ifonly the
presentrisk-basedPRGS). reference concentration (RfC) and;or

inhalationunit riskare availablefor a
In general.the equationsdescribedin this particularcompound inIRIS,conversiontoan

chapteraresufficientforcaltuiatinetherisk-based RfDi andiorSFi willbe necessary.Dviany
PROs at thescopingstageof theRIIFS. Note. convertedtoxicityvaluesare availablein
however.that theseequationsare based on HEAST.
standarddefault3SSUm2Ei()nsthatmav or mav not
reflectsite-sdecificconditions.When risk-based All standard equationspresentedhere
PROs are to be calculatedbased on site-specific incorporatepathway-spetificdefaultexposure



factorsthatgenerallyreflectPME conditions. equationincorporatesa water-air--oncentration
As detailedin Chapter8 of RAGS/HHOd relationshipthatisapplicableonlytochemicals
PartA (inthe discussionon combining witha Henrv'sLaw consmneofgreaterthan I x
pathwavrisks[S=ion &3j).RME risksfrom 10'5aun-m3imoieand a molecularweightof less
one pathwayshouldbe combined withRME than200 g/mole.Thesecriteriaarelotused to
risksfrom anotherpathway onlywhere there screenout chemicalsthatare not of potential
isgood reason.Typically,RME from one concernforthis=Mure pathwaybutonlyto
pathwayisnotlikelytooccurwithRME from identifvthosethatgenerallyshouldbe considered
another(unlessthereis a stronglogical fortheinhalationpathwaywhen developingrisk-
dependent relationshipbetween exposures basedPROs earlyintheprocess.Chemicalsthat
from the two pathways). If risk-based do notmeet thesecriteriamay posesignificantsite
concentrationsare developedforboth the risks(and requirerisk-basedgoals)through
waterand thesoilpathways.Elieriskassemr volatflesinhalation..ne ultimatedecision
ultimatelymay need to adjust=posure. regarding which

'
conmminants should be

assumptionsfrom one pathway(Le.,theone consideredin the FS must be made on a site- 0*\
with the lowerRME) to lessconservative specificbasisfbuowingcompletionofthebaseline OZZI,
(more typical)values. riskassessmenl C)

3.1 RESIDENTL4,L LAND USE Based primarilyon experimenmidam on Elie
volatilizationof radon from householdusesof

3.1.1 GROUND WATER OR S'URFACE water,Andeiman (1990)derivedan equationthat
WATER definestherelationshipbetweentheconcentration

of a conmminant in householdwaterand the
Under residentiallanduse.riskfrom surface average concentrationof the volatilized

wateror ground-watercontaminantsisassumed to contaminantinair.'Inthederivatiorlallusesof
be due primarilyto directingestionand to householdwaterwere considered(e.&,showering,

inhalationof volatuesfrom householdwateruse. laundering,dishwashing).The equationusesa
'Merefom onlv theseexposurepathwaysare default'wiatflization*consmnt(K) upper-bound
consideredin thissection.Additionalexposure valueof 0.0005x 1000 IJm3. (Ile 1000 E.@m3
pathways(e.g.,dermalabsorption)arepossibleand conversionfactorisincorporatedintotheequation
may be significantat some sitesfor some so thattheresultingairconcentrationisexpressed
conmminants,whileperhapsonivone exposure in mgfta3.)certainassumptionswere made in

derivinpathway(eg.,directingestionofwateronly)may g thedefaultconsmntK (Andelman1990).
be relevantatothers.In any case,therisk-based For cmmple, itisassumedthatthevolume of

PRO foreachchemicalshouldbe calculatedbv waterusedina residencefora familyof fouris
consideringallof therelevantexposurepathwa' 720 ljday thevolume ofthedwellingis150,000L

and the air exchangerate is 0.25 m3,,hr.

In thecaseillustratedhere.risksfrom two Furthermore,it is assumed thatthe average

ex,posurepathwavsfrom ground wateror surface transferefficiencyweightedby ware.r use isiO

water are combined, and the risk-based percent(ie-halfof theconcentrationof each
concentrationis derivedto be protectivefor chemicalinwaterwillbe transferedintoairby all

exposuresfrom bothpathways.Defaultriskfrom wateruses[therangeextendsfrom-'0% torEOilCLS
,,roundwaterorsurfacewaterwould be calculated to 90% fordishwashers]).See theAndeIM3n

asfollows(*total*risk.asused below.referstothe paperforfurtherdetails.
combined riskfora singlechemicalfrom all

ConcentmtionsBasedon Carcinogenicrftects.exposurepathwaysfora givenmedium):
Total risk for carcinogeniceffectsof cert3in

Totalrisk Riskfrom + Riskfromin.,ia. volaeilechemicalswould .be calculatedbv
ftm water ingesttanof tionofvolailes combiningtheappropriateinhalationandt)ralSFs

water(adult) from housetiold withElietwo intakesfromwater:
%%-.i(er(adult)

Total SF, x intakefrom + SF, x Intakefrun,
At scoping, risk from indoorinhalationof risk -intzestionof inhaiitiont)f

VO[aEiICS is assumed to be relevantoniv for water imn
chemicalsthateasilyvolatilize.Thus, the risk

-:o-



Adding appropriateparat.@,tters,and then of that chemical that correspondsto a IU-0
rearranging the equation to solve for carcinogemcriskleveldue to thatchemical. If
concentration,resultsinEquation (1). eithertheSF, or SFi in Equation(1')isnot

availablefor a particularchemical.the term
Equation (1*)on the aca page isthereduced containingthatvariablein the equationcan be

versionofEquation(1)usingthestandarddefault ignoredor equated to zero (e.g.,fora chemimi
parameters.and isused to calculatethe risk-based thatdoes not have SFi,the term 7.5(SEi)in
PRG at a prespeciftedcancer risklevelof 10"6.It Equation(1')isignored).Ifanv of thedefault
combines the to)dt-*ityinfomation of a chemical 2arametervalues are chanted to reflectsite-
with standarddefaultuposureparametersfor specificconditions,thereduced eguationcannot b
residentialLanduseto gcnemtethe concentration used.

RESIDENTIAL WATER - CARCINOGENIC EFFECTS

TR SF-x C x M- x EF x ED + SF xC x K xIR,x EF xED
BW x AT x365dayw BW x AT x 365daysiyr

EF xED xC x f(SF-x IR-)+ (SF,x K x IR,)]
BW x AT x 365days,)T

C (M&'L risk- TR x BW x AT x 36.idavsw
based) EF x ED x ((SF,x K x IR,)+ (SF..,Ilt.)l

where:

Parameters Definition(unim) DefaultValue

c chemicalconcentrationinwater(mg(L) -
TR target=cessindmduallifetimecancernsic(ututiess)10*4
sFi inhalationcancerslopefactor((mg*g-clay)*') cheniical-specitlc
SF,, oralcancerslopefactor((mgtkg-day)'!) ctiemimi-spemfic
BW adultbodyweight(kg) 70 kg
AT averagingtime(yr) 70 yr.
EF exposurefrequency(days/yr) 350 days/yr
ED =osum duration(yr) 30 yr
IR, dailyindooriwmiauonrate(ni@/day) 15e,day
IP@. dailywater ingesnon rate (ljday) 2 Ltday
K volatilizaeionfactor(uaWcss)- 0.0005x 1000L/m3(Andelman191)0)

REDUCED EQUATION: RESIDENTIAL WATER - CARCINOGENIC EFFECTS

Risk-baseciPRO 1.7,(iCr4

(mgtl;TR 10') Z(SF.)+ 7-5(SF,)

where:

SF. = oralslopefactorin(m_c/kg-day)"
sFi = inhalationslopefactorin(mg@k@,-day)-'



Conma2dons Basedon Noncardnogenic Equation(2')onthenextpageistheredue-od
Effects. Tomi HI would be calculatedbv versionof Equation(2)usinethestandarddefaUlE
combining the appropriateomi and inhalation parameters.and isused to calculatetherisk-based
RfDs withthetwointakesfrom water PRG at a prespeciftedHI of 1. It combines the

toxicityinfomationof a chemicalVithstandard
EU - Intakeftm oralinmtion exposureparametersfor residentialland use to

RfDo generate the concentration of that chemical that

IgEake from inhalation
correspondstoan HI of 1. IfeithertheRfDIor

RiDi
RfDi in Equation(2*)is not availablefora
particularchemical the term containingthat

Adding appropriateparameters,and then
variableintheequation can be ignoredorequated

rearranging the equation to solve for
to zero(eg.,fora chemicalthatdoes not have

concentration.resultsinEquation(2).
RfDi,the term 7.5/Rfl)iin Equations(2')is
ignored).

RESIDENTIAL WATER - NONCARCINOGMC EFFECTS Ln

C xIIL3 EF i ED + C x K x IR.,x EF x ED
RtD, x BW x AT x 365 days/yr RtDi x BW x AT x 365 daysyr

EF x ED x C x f(I/RfD, x M.) + (I/RfD; x K x IR.)]
BW x AT x 365 dayseyr

C (mg/L4 risk- THI x BW x AT x '65 davslvr (2)

based) EF x ED x ((l/RfD,x K x IP,) + (I/RM, x Il?.)l

where-.

Parameters Definition DefaultValue

c chermcalconcentrationinwater (mg/L)

THI targeth2"rd index(un4t )

RfD. oralchronicreferencedose (mg/kg-day) chemical-spedfic

RfDi inhalationchronicreferencedose (mg@kg-day)chemical-specific

BW adultbody weight(kg) 70 kg
AT averagingtime (yr) 30 yr (fornoncarcinogens.equalto ED)
EF =pmure frequency(days&) 350 davs/yr
ED exposureduration(yr) 30 yr.
IR, dadyindoordihai=n rate(ml/day) 15m.',Ic-ia-,v

IR, dailywateringestionrate(ljday) Z Lday
K volatiiization.facwr(%VMS) 0.0005x 1000 Lft (Andelmzn I)-L)O)

REDUCED EQUATION: RESIDENTIAL W.ATER -.'40NCARCINOGENIC EFFECTS

Risk-based PRG 73
(mg/L THI 1) (7-5/RfI)i+ 2/RfD,j

where:

RfD. = oralchronicreferencedose in nigtkl,-day

RtDi = mbaiauan chronicreicrencedose inmgtkg-day



3.1.2 SOIL inhalation or other exposure pathways are
significantat the sit& Generaliv.for many

Under residentialland use. riskof the undisturbedsiecswith VegetaElVeLover such as
contaminantfrom soilisassumed to be due to thosefound in arm of residentiallanduse.air
directingestionofsoiloMy pathwaysare relativelyminor contributorsofrisk.

Greaterconcernforbaselineriskviaairpathways
Totalriskfromsoil Riskfr= ingestionofsoil exists under commerciaiiindustrialland-use

(ctuldtoadult) aS3UMpuons. giventhe increasedactivitylevels
liketv(seeSection3.2.1-).Air pathwavrisksalso

Bemuse thesoilingestionrateisdifferentfor tend'tobe major concernsduringrem'edialaction
childrenand adults.theriskdue todirectingestion (seeRAGS/HHFiM Part C). If theseother
ofsoiliscalculatedusingan age-adjustedingestion paehwavsare known to be significantats'copine.
factor. The age-adjustedsoilingestionfactor Appen@ix B and/orotherinformationshouldbe
(IFsoil/adj)takesintoa=unt thedifferenceindaily used todevelopsite-specificequationsfortherisk-
soilingestionrates.body weights.and exposure based PRGS.
durationsfortwo exposuregroups- childrenof C\i
one to sixyearsand othersof seven to 31 vears. Concentmtions Basedon C2rcinogenicEffects. Ln
Exposure frequencv(EF) is assumed to be Total risk for carcinogeniceffectswould be C)
identicalfor the iwo exposuregroups. For calculatedbv combining the appropriateoralSF lic-
convenience.thisfactoriscalculatedseparateivas Withthe inea*kefrom soil:
a time-weightedsoil'inmke,nomalized to @O& C)

weight.thatcan then be substitutedin the toea@ Totalrisk= SF, x Intakefromtngeittunofsuit
intakeequation.Calculatedin thismanner. the
factorleads to a more protectiverisk-based Adding appropriateparameters.and then
concentration compared to an adult-only rearranging the qquation to solve for
assumption.Note (hattheintestionfactorjsin concentration,resultsinEquation(4).
unitsofme-vr/kg-dav,-andthereforeisnot directiv
comt)arableto dailvsoilintakeratein unitsof Equation(4')belowisthereducedversionof
mt!/ke-davSee thebox containingEquation(3) Equation (4) using the standarddefault
forthecalculationof thisfactor. parameters.and isused to calculatetherisk-based

PRO ata prespecifiedcancerrisklevelbt 10:6.--rt'
Additionalexposurepathwavs(e.g.,inhalation combinesthe toxi(.irvinformationof a chemical

of particulates,inwation ofvolatiles,ingestionof withstandardeqmure parametersforresidential
foodcrops contaminated through airborne landuse to o neratethe concentrationof that
particulatedeposits.consumptionofground water chemicalthatcorrespondsto a 10'6carcinogenic
coneaminatedby soilleachate)arepossibleatsome riskleveldue to thatchemical.
Sites.The riskassessorshould evaluatewhether

AGE-ADJUSTED SOFL INGESTION FAC-roR

IF.,,A( g-yr/kg-day)= IRm muaplt x 'ED, It_ +
BW&PI-6

Pammeter Definition DefaultVilue

rF.,.di age-adjustedsoilingestionfaaar 114 m,,,-vr,,'&-g-day
BW,SOL.4 average body weight from ages 1-6 15 kg
Bw,p7.@l averagebodyweightfrom age37.31(kg) 70 kg
ED.,Sol- txpmuredurationduring.a6,m1-6(yr) 6 yr

-!.Npmuredurationduringages7-',l(yr) :4 vr

IRMO-apt-* ngesEion rate of soil age I to 6 (nig;clav) 200 mg;day
in-,Cstionrateof soilallother a@-, 100 ln,,,dav-CS



RESIDENTL4LSOIL- CARCINOGENIC EFFECTS

TR SF- x C x i& kemt x EF x
AT x 365 dar-4r

C (Moir, risk- IN TR x.,kTx 365 davsftw
SF.x 10'kgtmgx EF x IF.,.*

whem

Parameters Definition(unit3i Default Value

c chem=M concentrationin3od (mog) -

TR targetexcessindividualUfc=e can risk(umcien) 10'0

SF, oralcancerslopefactor((m&U-dayyl) chemical-specific

AT averagingtime (yr) 70 yr

EF exposure-frequency(daysnr) 350 days/yr

age-adju3tedineestionfactor(mg-yr/kg-day) 114 mgyrlcg-day (see Equation(3))

C)

REDUCED EQUATION: RESIDENTIAL SOIL - CARCINOGENIC EFFECTS

Risk-based PRO 0.64

(m_Wkg: TR = 101 SF. (4')

where:

SF. oralslopefactorin(mog-day)-l

Concentrations Based on Noncarcinogenic 3.2 COMMERCIALIINDUSTRIAL
Effects. Total HI would be calculatedby

LAND USE
combining the appropriate oral RfD with the

intake from soil:
3.2.1 WATE3t

HI Intake from in!!estion

R tD,
Once ground water is determined to t@e

suitable for drinking, risk-based concentrations

Adding appropriate parameters. and then should be based on residentialexposures. 7his is

rearranging the equation to solve for because the NCP seeks to require protection of.

concentration, resultsin Equation (5). ground water to allow for itsmaximum beneficial

use (seeSection 2.3).Thus, under the commercial.

Equation (5') is the reduced version of industrialland-use scenario. risk-based PRGs for

Equation (5) using the standard default ground water are calculated accorrlinl,to

parameters. and is for alculatinl,the risk-based procedures detailed in Section 3.1.1. Similarl%.. I*or

FRO at a prespecifiedHI of 1. Itcombines the surfacewater that is to be used for drinkin,,.the

toxidtv information of a chemical WiEb standard risk-based PRC;s should be calculaeed t-or

residentialpexposure parameters for residentialland use to opulaeions. and not simpiv workcr

t,enerace the concentration Of thHE chemical thae populations.
z
corresponds to an HI of 1.

.24-



RESIDENTIAL SOIL - 40NCARCINOGENIC EFFECTS

THI C x 101kt!mt x EF x IF
RfD. x AT x 365 days,7r

C (m&k.- risk- THI x AT x '63 da%,s.,%-r
base%;,, iiRtD,x ir kgtmgx EF x IF,,.,,,

where:

Parameters Definition(unim) DefaultValue

c ci2eftcalconcentrationinsod(m$fkg)

TM targethazardindex(unitless) I
RfD. omi chronicreferencedose (mgtkg-day) chem"-spemfic
AT averagingtime (yr) 30 yr (fornoncarcinogem.equalto ED (which

EF exposurefrequency(da"
isincorporatedinIF.,.,I)

, ) 350 dayw
age-adjustedingesnonfactor(mg-yr/kg-day) 114 mg-yr,,kg-day(seeEquation(3))

REDUCED EQUATION: RESIDENTLKL SOIL - NONCARCINOGENIC EFFECTS

Risk-basedPRO 2.7x IW (RfD,,) (5,)
(mgtks; TM

whem.

RfD* omi chromc referencedose inmg/kg-day

3.2.2 30EL In the defaultcase illustratedbelow. intakes

from the three exposure pathways are combined
Under commercialrmdustrial land use,riskof and the-risk-basedPRO isderivedtobe protective

the contaminant from soilisassumed to be due to for exposures from allthree pathways. In thiscase,

directingestion.inhalationof volatilesfrom the the riskfora specificchemical from soildue to the

soil.and inhalationof particulatesfrom the soil. three exposure pathways would be calculatedas

and iscalculatedforan adult worker only. For follows:

this-.qe of land use,itisassumed forcalculating

default risk-basedPROs that there is greater Totalrisk Riskfrom ingestionofsod (worker)

potentialfor use of heavy equipment and relaecd from.soil

trafficin and around contaminated soilsand thus + Riskfrom inhalationofvolaeilesfrom

greater potenEW for soilsto be disturbedand soil(worker)

produce particulateand volatileemissionsthan in
+ Risk from inhalationof particutales

most residentialland-use areas. Additional
from soil(%-orker)

exposure paehways (e.*g..demal exposure) are

possibleat some sites,while perhaps onlv one Itispossibleto consideroniv exposure pathwavs of
exposure pathway (e.g.,directingestionof soil site-specificimportance bv @erivinga site-spe'c-i'fic
only) mav be relevantat others;Appendix B mav risk-basedPRO (e.g.,using the equations in
be used to identifvrelevantexposure pathwavs to Appendix B).
be combined. In such cases.the riskiscalculated

bv considering allthe relevantexposure pathwa-ts

identifiedin the RI.



ConcentrationsBasWonCarcinogenicEffects. 3.3 VOLATILIZATION AIND
Totalriskforcarcinogeniceffmu would be PARTICULATE EiNlISSION
calculatedbycombiningtheappropriateinhalation

FACTORSand oralSFs with the threeintakesfrom soil:

Totalrisk sF. x Intakefrom ingestionofsoii 3.3.1 SOIL-TO-AIR VOLATILIZATION

(worker) FACTOR

• SF, x Intake from inhalauonof The volatilizationfactor(VF) is used for
volatilesfromsoil(worker) defining the relationship between the

concentrationof contaminantsin soiland the
• SF, x Intakefrom Wulationof volatilizedcontaminantsinair.7nis relationship

particulates(worker)
was establishedas a partof the Hwang and Falco

Adding appropriate parameters. and then
(1986) model developed by EPA's Exposure

rearrangingthe equation to solve for
Assessment Group (EAG). Hwang and Falco
presenta method intendedprimarilyto estimate in

concentration.resultsin Equation (6). As
the permissibleresiduallevelsassociatedwith the

discussedin more detailin Section3.3.1.Equation
cleanup of contaminatedsoils.This method has

(6a)isused to testthe resultsof Equation(6).
been used by EPA inestimatingexposuresto PCBs

C)

and 2.3.7,8-TCDD from contaminatedsoil(EPA
Equation (6') is the reduced versionof

1986, EPA 1988a). One of the pathways
Equation (6) using the standard default

consideredin thismethod is the intake by C)
parameters,and isused to calculatethe risk-based

inhalationof volatilizedcontaminants.
PRO ata prespeciftedcancerrisklevelof 10'6.It
combines the toxicityinformationof a chemical

The basicprincipleof the Hwang and Falco
with standard exposure parameters for

model isapplicableonlv ifthe soilcontaminant
commerciallindustrialland use to generatethe

concentrationisator below saturation.Saturation
concentrationof thatchemical thatcorrespondsto

isthesoilcontaminantconcentrationatwhich thea 10'6carcinogenicriskleveldue to thatchemical.
adsorptivelimitsof the soilparticlesand the

Concentrations Based on Noncarcinogenic
solubditylimitsof theavailablesoilmoisturehave
been reached.Above saturation.pure liquid-phase

Effects. ToEaL HI would be calculatedby
contaminantispresentin the soil Under suchcombining the appropriateoral and inhalation
conditions,the partialpressureof the pure

RfDs with the threeintakesfrom soil:
contaminant and thepartialpressureof airin the

HI = Intakefromineestion interstitialsoilpore spacescannot be calculated

RiD,, without firstknowing the mote fractionof the
contaminant in the soil. Therefore, above

(Intakefrom inimiationofvotatiles saturation,the PRG cannot be accurately

+ and paniculates) calculatedbased on volatilization.Because of this
RtDi limitation,the chemicalconcentrationin soil(C)

calculatedusing ElieVF must be compared With
Adding appropriate parameters, and then thesoilsaturationconcentration(C,,,)calcutaled
rearranging the equation to solve for usingEquation(6a)or (7a).IfC isgreaterthan
concentration,resultsinEquation (7). C,,,,then thePRG issetequalEO Csat,

Equation (7') is the reduced version of The VF presentedinthissectionassumes that
Equation (7) usine the standard default the contaminant concentration-inthe soil is
parameters.and isused to calculatetherisk-based humo(!eneous from thesoilsurfacetothedepth of
PRO at a prespecifiedHI of 1. Itcombines the concern and thatthecontaminatedmaterialisnut
toxicityinformationof a chemicalwith standard coveredbv contaminant-freesoilmaterial.For the
exposure parameters forcom merciaI/industrialland purpose of calculatingVF. depth of concern is
use to generatetheconcentrationof thatchemical definedas the depth 3Ewhich a near impenetrable
thatcorrespondsto an HI of 1. laveror the permanent ,ruund-wacerlevelis

reached.

-:6-



COb4bMCIALINDUSTRIAL SOIL - CARCINOGENIC EFFECTS

TP, SF-.,tC x 10'*kt/me x EF x ED x IR., + SF,x C x EF x E]2x IR.,x (I/VF + 1.?gF)
SW x AT x 365 da" BW x AT x 365 daysyr

C (mg:kg:risk- TR x SW x AT x ;6i dav&tvr (6)
based) EF x ED x ((SF.x 10' kvmg x Ut..,)+ (SF;x IR., x (IFVF + lj?EFI)i

where:

Parameters Definition(units) DefaultValue

c chemicalconcentrationinsoil(mglkg)
TR targetc=ss indmdual lifetimecancerrisk(unittess) le
sFi inhalationcancergape factor((mgtkg-day)*,) cbemical-specific %lo
SF. orw can slopeb=or ((mWkg-day)") diewicai-sp=fic

Lr)BW adultbody weight(kg) 70 kg
AT averagingtime(yr) 70 yr C)

EF aposure frequency(days/yr) 250 daystyr
ED cqx)sureduration(yr) ZS yr

C)
IR.i soilingestionrate(mg/day) 50 mg/day
IR., workday inhalationrate(MI/clay) 20 ml/day
VE so4-to-airvoiaulizatmafactor(ml"kg) chemical4pecific(seeSection3.3-1)
PEF Mmmdm =ngon facu)r(ml/kg) 4.63x 109m@kg (seeSection3.3-2)

C,. (Kjx3xa.) + (sx0.) (6a)

where:

Parameters DefiniEiOn(Units) DefaultVaiue

clu soilsaturationconcentration(mog)

Kd sw-waterpantion coefficient(Llkg) cheniicw-spedfic,or Y.,,x OC
K. organiccarbon partwon coefficient(L/kg)
oc orpi3iccarboncontentofsoil(fraction) site-specific,or 0.02
s solubility(mg/L-water) chemicai4pecifC

am soilmoisturecontem =pressed as a weight fraction site4pemAc

0. sod moisturecontenl apressed as L-waterikg-sod site4pemAc

REDUCED EQUATION: COMMERCIAIJINDUSTRL%L SOIL - CARCINOGENIC EFFECTS

Risk-basedPRO 2.9 x to-4 (6')

(mgtkg;TR = 10t (((5x 10'@)x SF,) + (SF,x ((20/VF)+ (4.3x 10*)))]

where:

S F,, = oralslopefactorin(Mgtkg-day)"
SF, = inhalationslopefactorin(mgtkg-day)"

VF = chemical-specificsoil-to-airvolatilizauonfactorin eikg (seeSemion 3-1.1)

IfPRO > C,,,thensetPRO = C. (whereC,. soilsaturationconcentration(mgfkg);see EqUaLion(6a)

and Section3.3.1).
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COMMERCL%LJINDUSTRIAL SOIL - NONCARClr4OGENIC EFFECTS

THI C x 10'6kg/mtx EF-x ED x IR., + x EF x ED x IR- x (I/VF+ I/PEF)
RfD. x BW x AT x 365davs/yr RfD, x BW x AT x 365 daywyr

C (mos.. THI x BW x AT x 3§5 davsnr (7)
risk4msed) ED x EF x [((I/RfD,)x IV kgftgx LRd) + ((I/RfDi)x ERw x (t/VF + 1,'PEF))]

where:

Parameters Qgfiniti(m(units) DefaultValue

c chemicalconcentrationinsod(mog)
TM targethazarriindex(unitiess)
RtD. oralchronicreferencedose(mog-day) cheftcal-specific
REDI inhalationchronicreferencedose (mgtkg-day) dmnical-specific
BW adultbody weight(kg) 70 kg C)
AT avera&g time(yr) ZS yr(atwm equaltoED)
EF exposurefiequency(dar.@T) 250d"W
ED exposureduration(yr) 25 yr
IRWO wd ingestioncare(mgtday) 50 mg/day C)
IR,,, worwq mbaiationrate(m-"/day) 20 m3/day
VF soil-to-airvolatilizationfactor(m3/kg) chencal-spe@fic(seeSection33.1)
PEF particulateemissionfactor(m3/kg) 4.63x 109e/kg (seeSemon 33.2)

cm = (Kd x s x a,) + (sx (7a)

where:

Parameters Definition(unim) Default-Value

cm sodsaturationconcentration(mg/kg)
Kd soil-wamtpartitioncoefficient(L/kg) chemical-specific,or Y-,,x OC
K. organiccarbon p*Mtioncoefficient(L4cg) cheftcal-specitic
oc organiccarboncontentofsoil(fraction) site-specific,or 0.02
s solubility(mgfL-water). chernical-spedfic
n, soilmoisturecontenlexpressedasa weightftaction site-specific

soilmowuri content,expressedasL-water/kg-soil site-specific

REDUCED EQUATION: COMMERCIALANDUSTRL4kL SOIL - NONCARCINOGENIC EFFECT.S

Risk-based 102 (7')
PRO (mg/kg-, ((ix 10-@/RfD,,)+ ((IRfD,)x ((20N"F)+ (4-3x 10*)))l
THI

RtD,, = oralchronicreferenceclosein m;pkg-day
RtDi = inhalationchronicreferencedose inm,,,,kg-d2y
VF = chemical-specificiuil-to-airvolaeilizationfictorinm/k,, (.iceSection").3.1)

IfPRO > C,.,thensetPRO = C. (whereC. = soilsaturatior,concentration(mWkt-,):w Equution(73)111LI
Section3..^1.1).



A chemical-spedficvalueforVF isused inthe 3.3.2 PARTICULATE E@MISSION FKCTOR
standarddefaultequations(Equations(6).(6'),
(7).and (7')inSection3.7-2)and isdevelopedin The particulateemissionfactor(PEF) relates
Equation (8). The VE value calculatedusing the contaminant concentraEiOnin soilwith the
Equation (8)has been developedforspecificusein concentrationof respirableparticles(P.MLO)inthe
theotherequationsinthisguidan= itmav not be airdue to fugitivedust emissionsfrom surface
applicablein other technicalcontexts.Equation contaminationsites.This relationshipisderived
(S) liststhe standarddefaultparametersfor by Cowherd (1985) for a 'rapidassessment
calculatingVF. Ifsite-specificinformationis procedureapplicableto a ty.pica[hazardous waste
available.Equation (8) may be modifiedto sitewhere Eliesurfacecontaminationprovideia
miculatea VF thatismore appropriateforthe relativelycontinuousand constantpotentialfor
particularsite. Supportingreferencesshouldbe emissionover an extended periodof time (e.g..
consultedwhen substitutingsite-specificdam to Years). The particulateemissions from
ensure thatthe model and specificparameterscan contaminatedsitesare due to wind erosionand,
be appropriatelyappliedto thegivensite. therefom depend on theerodibilityof thesurface

00
in

SOIL-TO-AIRVOLATILIZATIONFACTOR

VF (m.*;kg) LS v V x DH), x (3.14X a

A (2x Di x E x Y@,x l(r.@kvi_z) C:)
where:

a (cm.1,S) (D, x E)
E + (p,)(I-E)/K.

Standard defaultparameter valuesthatcan be used to reduce Equation (8)are fistedbelow. These represent-typical"

values as identifiedina number of sourcel For example,when site-specillcvaluesare not available,the lengthof a
side of the contaminated area (LS) isassumed to be 45 in;thisisba on a conmminated area of O.i acre which

approximates thesizeof an average residentialIOL Tne "Wicar valuesLS, DI-L and V are from EPA 1986. -Typical"

values for F- OC. and p,are from EPA 1984,EPA 1988b,and EPA 1988C Site-specificdata should be substituted

for the defaultvalues listedbelow whemver possible.Standard values forchemical-spetficDi. H. ind K,, can be

obtained tyvcallini!the Superiund Health Risk TechnicalSupport Center.

Parameter DeliniEion(unies) Default

VF volatilizationfactor(m3/kg)

LS lcns!thof sideof contaminated area (m) 4i M

v wind spei.-dinmixing zone (tiiis) '-ZS nus

OH diffusionheight(m) 2 m

A area of contamination(cm-) 20=0.000

D,,i effectivediffusmtv (cm@-s) D, x
E truesoilporosity(unitiess) 0.3i
K. iotuairpartitioncoefficient(S,.;oii/cm.air.) (MI(d) x 41.where 41 Lia units

conversion factor

P. truesoildensityor particulatedensity(g:cml) 2.6-;grcri3

T exposure
I
interval(s) 7.9 x 10@ s

Di molemiar diffusivicv(CM',S) cheniical-soccitic

ii Henrv*s law LunsEant (atm-m@@mut) chernicai-sncific

Ka soil-%-aterpartitioncoefficient chenumi-specific.or K,,.x OC

K., Qreanic @mrbon partitioncoefficient chemt=-specific

0(.' ur,,Hniccarwn iuntentof wil (fraction) site-specific.ur 0.02



material'Meequationprewntedbelow.Equation Usingthedefaultparametervaluesgivenin
(9).isreprmentat

-
iveof a surfacewith *unlimited thebox forEquation (9).thedefaultPEF isequal

erosionpotentW.0 which ischaracterizedby bare to 4.63x 109 m-3/kg.ne defaultvaluesnecemrv
surfacesof finelydividedmaterialsuch as sandy to calculatethe fluxrate for an 0itnlimite@
aoculturalsoilwith a largenumber ("unlimited reservoiesurface(Le.,0. Um. Utvand F(x))are
reservoir*)of erodibleparticles.Such surfaces provided by Cowherd (1985),and the remaining
erode atlow wind speeds,and particulateemission defaultvalues(i.e.,for LS. V. and DH) are
ratesare relativelytime-independentat a given *typical'values (EPA 1986). If site-spedfic
wind speed. informationis available,Equation (9) may be

modifiedw calculatea PEF that is more
'Mis model was selectedfor-use in appropriatefor the particularSite. AgairL the

RAGSA*IEM Part B bemuse it representsa originalreferenceshould be consultedwhen
conservativeestimateforintakeof particulates,it substituting site-specificdata to ensure
isusedtoderiveEquations(6)and (7)inSection applicabilityof the model to specificsite

c@N3. conditions.
U*)

(D

PARTICULATE EMISSION FACROR

PEF (m lct,) LS x V x DH x 3600 s/hr x 1000 VkL,z - (9)
A 0.036x (1-G)x (Uw'U,).'.vF(X-)

where:

Parameter Deflnition(units) ]Default

PEF particulateemissionf=or (a@/kg) 4.63X 109M@4
LS widttiofcour2-in-qtedarea(m) 45 m
v windspeedinmixingzone (m/s) Z25 MA
DH diffusiontuhgbt(m) 2 m
A areaofconuunwation(m-) 2025 m-'
0.036 respirable&action(Stm-'-hr) 0.036 Std:@4ir
G fractionofvegetativecover(unitless) 0
U. mean annualvand speed(mis) 4.5M/5

U, equivalenttliresholdvalueofwind speed 12-8rtvt
at 10 m (ni/s)

F(x) functiondependenton U,/U, (uniticu) 0.0497(determuiedusingCowherd 1985)

3.4 CALCUIATION AND the lower-of the two valuesisconsideredthe

PRESENTATION OF RISK--
a22ro2riate-risk-basedPRO -for anv t-tiven

BASED PRGs
contaminanl The case-studybo.,(below illustrates
a calculationof a risk-basedPRG. A summarv
table- such as thatinthe finalcase-studybox

'Me equationspresentedintkiischaptercan be should be developed topresentboth therisk-based
used to calculaterisk-basedPRGs for both PROs and the ARAR-based PROS. The table
carcinogenicand noncarcinogeniceffects.Ifboth should be labeled as to wt,--.--@- ;tpresentsthe
a carcinoeenicand a noncarcinotenicrisk-based concenEraEionsthatwere developed during scoping
PRO arecalculatedfora 2articularchemical.then or afterthe baselineriskassessmene.



CASE STUDY. CALCULATE RISK-BASED PRGs3

Risk-basedPRGs forground waterforLiophorone,one of thechemicalsdetectedinground-waeerMonitoring
wellsatthesiee,arecalculatedbelow. ImEiairisIG-bawdPRCN forisoptiorone(carcinogenicand nonc2rcinugenic
effects)aredenved usingEquations(1')and (2')inSection3.1.1.Equations(1')and (2')combine thet=cirv

informationof thechemical(oralRtD of 0.2mgtkg-day and oralSF of 0.0039 (mgtkg-dayl*';inhalationvaluesare
not availablean(:Ltherefore,only theoralexposurerouteisconsidered)with standardexposureparameters.The
calculatedconcentrationsinmSiL correspondtoa targetriskof le and a targetHO of 1.as foiIL4%-s:

Carcinogenic = 1.'7x 10' Noncarcinogenic ';'3
risk-bowdPRG Z(SF.) risic4msedPRG 2/RfD.

a 1.7 x 10-4 73

Z(O.0039) Z/0-2

= o.onmwl_ 7.3 mg/L CD

7be lowerofthe two values(i.e-0.02'-7mVL) isselectedas theappropriaterisk4xLsedPRG. Risk-basedPRGs are
calculaeedsimilarlyforthe other chemicals-ofconcern.

C)
Allinformationin thisexample isforillustrationpurposesonly.

CASE STTJDY. PRESENT PRGs DEVELOPED DURING SCOPINGA

Site: X'YZ C4. Land Use: Residential
Location: Anytown, AnysmEe Exposure Routes: Water Ingestion.Inhalationof
Medium: CT=nci Water Volatiles

Risk-basedPRGs

Chemical
(Mgt,-)* ARAR-based

10- HQ = 1 7vpe Concentration(mgil) I

Be=ene - %,ICL 0.005

Carbon Tetrachloride vtCL 0.005

E,Wbenzene - MCLO 0.7*0*

NTCL 0.7

Henne 0.33

Isophorone O.OZ'-700 7,., - -

Triallate 0.47

1.1.2-Trichloroethane - 'viCLG 0.003'**
T%ICL 0.005

Vinvi chloride @VICL 0.002

AJIinformationin thisexample isforillustrationpurposesonly
nese concentrationswere calculatedusingthestandarddefaultequationsin Chapter 3.
Of the two potentialrisk-bisedPRGs fortriischemi=i. thliconcentrationistheselectedrisk-basedPRG.

...
Of the two potentialAR.-\R-basedPRGs forthischemical.thisconcclEraEianisseleced as theARUL-

b,-LsedPRG.

7-b@ased PRG



CHAPTER 4

RISK-BASED PRGs FOR
RADIOACTIVE CONTAMINANTS

This chapterpresentssmndardized exposure notavailableinthatguidancedocument-other
parameters.derivationsof riskequations.and appropriatereferencevalues are used and
"reducedoequationsfor calculatingrisk-based cited.
PROs for radioactivecontaminantsfor the
pathways and land-usescenariosdiscussedin Incorporatepathway.specificdefaultexposure
Chapter2. Inaddition.a radiationsitecasestudy factorsthatgenemuv'reflectRME Londitions. Ir-
isprovidedattheend of thechapterto illustrate %lo
(1)how exposurepathwaysand radionuclidesof 7acre are,however,severalimportantareasin 0
potentialconcern (includingradioactivedecay which risk-basedPRG equationsand assumptions
products)areidentified.(2)how initialrisk-based forradioactiveconmminants differsubstantially
PRGs for mdionu4!lidesare calculatedusing from those used for chemical contaminants.
reducedequationsbasedon informationavailable Specifically,unlike chemical equations.risk
atthescopingphase,and (3)how risk-basedPROs equations'orradionuclides:
can be re-calculatedusingfullriskequationsand
site-specificdam obtainedduringthebaselinerisk Accept inputquantitiesin unitsof activirv
2SM M aL Chapters1through')and Appendices (e.g..picocuries(OCI))ratherthaninunits@f
A and B providethe basisfor many of the man (P-,g-,milligrams(mg)).Activityunitsare
assumptions,equations.and parametersused in more appropriatefor radioactivesubstances
thischapter.and thereforeshould be reviewed bemuse concentrationsof radionuclidesin
beforeproceedingfurtherintoChapter4. Also, sample media are determined by direct-
Chapter 10 in RAOSi@@"_:m PartA shouldbe physicalmeasurements of the activ@tryof each
consultedforadditionalguidanceon conductinz nuciidepresent.and because adversehuman
baselineriskassessments3E sitesconmminated healtheffectsdue to radionuclideintakeor
with radioactivesubstances. exposurearedirectlyrelatedto theamount,

tv,pe,and energyof the radiationdepositedin
In general.standardizeddefaultexposure specificbody tissuesand organs.

equationsand parametersused.to calculaterisk-
based PRGs for radionuclidesare similarin Consider the carcinoeenic effects of
structureand functionto thoseequationsand radionuclidesoniv. CPA designatesall
parameters developed in- Chapter '> for radionuclidesas ClassA carcinoeensbasedon
nonradioactivechemicalcarcinogens.Both ty es theirpropertyof emittingionizing.radiationp
of riskequations: and on theextensiveweightofepidemiological

evidence of radiation-induced cancer in
• Calculaterisk-basedPRGs foreachcarcinogen humans. At most CERCLX radiationsites.

correspondingtoa pre-specifiedtargetcancer potentialhealthrisksareusuailvbasedon the
risklevelof 10'6.As mentionedin Section mdiotoxicity,ratherthan thechemicaltoxlcitv,
Z.3.targetrisklevelsmay be modifiedafterthe ofeach radionuclidepresent.
baselineriskassessmentbasedon site-speciric
exposureconditions.technicallimitations.or Use cancer slope factorsthat are best
other uncerminEiCS,as well as on the nine estimates(i.e.,median or 30th percen(iic-
remedv selectioncriteriaspecifiedintheNCP. values)of the age-averaeed..lifetimeexce-,@.

totalLancerriskper unitintakeof a
• Use standardizeddefaultexposureparameters radionuclide(e.g..per pCi inhaledor in--,CstcLl)

consistentwith OSWER Directive9235.6-03 or perunitexternalradiationexposure
(EPA 1991b).Where defaultnammeters are per microRoentgen) to -,amma-emittin@--



radionuclidelSlope factorsgiveninIRIS and In the case illustratedbelow. risksfrom the
HEAST have been calculatedfor individual two defaultexposure routes are combined. as
radionuclidesbased on theirunique chemical. follows:
metabolic. and radiologicalpropertiesand
using a non-tflreshold,lineardose-response Totalrisk Risk from ingestionof radionuclides
model. 'Mis model accountsforthe amount from water inwater(adult)
of each radionuclideabsorbed into the body

+ Riskfrom indoorinhalationofvolatilefrom the gastrointestinaltract(by ingestion)
radionuchde:sreleasedfrom wateror through the lungs (by inhalation),the
(adult)distributionand retentionofeach radionuclide

in body tissuesand orpns, as wellas theage,
At the scopingphase, risk from indoor

sex.and weight of an individualatthe timeof inhalationof volatileradionuclidesisassumed to
exposure. 'Me model then averagesthe risk

be relevantonly forndionuctideswith a Henrv's
over the lifetimeof thatexposed individual

Law consmnt of greaterthan I x io-Iam-m@,mo'le C\j(i.e..70 years). Consequently,radionuclide
and a molecularweight of lessthan 200 gtmote. "0slopefactorsare not expressedasa functionof However, radionuclidesthat do not meet these

body weight or time.and do not require CDcriteriaalsomav under certainsite-specific%@ater-
correctionsforgastrointestinalabsorptionor use conditions:bevolatilizedintothe airfrom
lung transferefficiencies.

water.and thus pose significantsitehsks (and C)

Risk-based Pl@G equations forradionuclides
requirerisk-basedgoals).T"nerefore.theultimate 0

presentedinthe followingsectionsof thischapter
decisionregardingwhich contaminantsshould be

are derivedinitialivbv determiningthe totalrisk
consideredmust be made by the riskassessoron a
site-specificbasisfollowingcompletion of the

posed by each radioactivecontaminant in a given baselineriskassessmenl
pathway, and then by rearrangingthe pathway
equationto solveforan activityconcentrationSet

Totalcarcinogenicriskiscalculatedfbreach
equal to a targetcancerrisklevelof 10"6.At the radionuclide separateiv by combining its
scoping phase.theseequationsare*reducede- and

appropriateoraland inhalationSFs with the two
risk-basedPROs are calculatedfor each exposure pathways forwater, as folloi!@s:
radionuclideof concern - using standardized
exposure assumptions for each exposure route Totalrisk SF, x Intakefrom ingestionof
within each pathway and land-usecombination. ofradionuclides
After the baselinerisk2,.sesment, PRGs can be
recalculatedusing.fullriskequationsand site- + SF,x Intakefrom inhalationof
specificexposure informationobtainedduring the volatileradionuclides
RL

By includingappropriateexposureparameters for

4.1 RFSIDENTIAL LAND USE each type of intake,rearrangingand combininl,
exposureterms in [he totalriskequation.and

4.1.1 GROUND WATER'OR SURFACE settingthe targetcancerrisklevelequal to 10'0.

WATER the risk-basedPRO equation isderivedas shown.
inEquation(10).

Under Elieresidentialland-usescenario.risk
Equation (10*).presentedin thenextbox. isfrom ground-water or surfacewater radioactive

thereducedversionof Equation (10)basedon thecontaminants isassumed to be due primarilyto
standarddefaultvalueslistedbelow. Itisused todirect ingestionand inhalationof volatile
calculaterisk-basedPROs for radionuclidesinradionuclidesreleasedfrom the water to indoor
water ata pre-speciriedcancer risklevelof 10'*byair.However. because additionalexposure routes
combining each radionuclide'stoxicitydata with(e.,,,..external radiation exposure due to
thestandarddefaultvaluesforresidentialland-useimmersion) are possibleat some sitesforsome
exposure parameters.radionuclides,while onlyone exposure routemay

be relevantat others.the riskassessoralwavs
After the baselineriskassessment,the risk-should considerailrelevantetposure routesand

add or modify exposure routesas appropriate. assessormav choose to modify one or more of ihc
exposure parameter defaultvaluesor assumption!@

.34-



RADIONUCLIDE PRGS: RESIDEINTIALWATER - CARCINOGMC EFFECTS

Tomi risk = (SF,,x RW x IR,x EF x EDI + [SF,x RW x Kx IR,x EF x ED)

RW (PCLIL. n TR (10)
risk-based) EF x ED x [(SF,x 1R,)+ (SFix K x Ut,)l

where.-

Parameters Definition(units) DefaultValue

RW radionuclidePRO inwater(pC!/L) -
TR targete=ms individuallifetimecancerrisk(unilless) 10,0
SFi inhalationslopefactor(risktpa) radionuclide-specidc
SE, omi (ingestion)slopefa=or(risk/pC!) radionuclide-specific
BE ftpmurefrequency(da") 350 dr4/yr
ED cqxzureduration(yr) '.toyr %lo
IR, dailyindoorinhalationrate(e,'day) 15 m-','dav

lit. dailywateringestionrate(Liday) 2 LJday
K volatilizationfactor(umtless) 0.0005x 1000Um-(Andelman 1990)

C:)

c

REDUCED EQUATION FOR RADIONUCLIDE PRGS:
RESIDENTIAL WATER - CARCINOGE&NIC EFFECTS

Risk-basedPRO 9.5x i(Y'l (to-)
(PCi/L'TR - LOI Z(SE.)+ 7.5(SFi)

where:

SF,, = ami (ingestion)slopefactor(ris@CI)
SF@ = intmiationslopefaaar(nsk/pCi)

in the risk equations to reflectsite-spedfic 7ne calculationof externalradiationexposure
conditions. In thisevent.radionuclidePROs riskalso includestwo additionalfactors.the
shouldbe calculatedusingEquation (10)insteadof gamma shieldingfactor(S,,)and the gamma
Equation(10'). exposuretime factor(T,,).which can be adjustedto

accountforboth attenuationof radiationfieldsdue
4.L.2 SOIL to shielding(cg..by structures.terrain.or

eneineerecibarriers)and furexposure timesof less
fjnder residentialland-useconditions,risk than 1-4-hoursperday,respectively.S,,is&xpressed

from radionuclidesinsoilisassumed to be due to as a fractional%21uebetween 0 and 1.delineatin,-,
directingestionand externalexposure to gamma the possiblerisk reductionrant,efrom 0,@Icto

radiation.Soilingestionratesdifferforchildren 100%. respectively.due to shieldinl,.The default
and adults.thereforeage-adjustedingestionrate value of 0.2 for S. for both residentialunfj
factorsare used in the soilpathway equation. commerciaiiindustrialland-usescenariosretlects
Calculationoftheriskfrom theexternalradiation the initialLonservaEiveassumption of a 207c

exposure route assumes thatany oamma-emitting reduction in externalexposure due to shieid@n@-,
radionuclidein soilisuniformlydistributedinthat from Structures(seeEPA 1981).Te isexpresseda"
soilwithina finitesoildepth and density.and the quuEienEof the dailynuinberof hours in
dispersedin an infiniteplanegeometry. individualis exposed directlyto an t:xlernii

radiationfielddividedbv the totalnumbcr t)i
exposure hours assumed eich dav fora ,ivenIan,!-

.35,



use scenario(I.e-24 hours forresidentialand 3 insoilare calculatedfora pre-speciriedcancer risk
hours for commercial/industrial).'rbe default levelof 10'6.
value of 1 for T,,for both land-usescenarios
reflectsthe conservativeassumptionsof a 24-hr The age-adjustedsoil intestion factor
exposuredurationforresidentialpopulations(i.e., ([Fsoil/adj)usedinEquation(11)taiesintoaccount
24/24 = 1) and an 8-hr exposuredurationfor thedifferenceinsoilingestionfor two exposure
workers(i.e.,&18 - 1).Values forbothfactorscan groups- childrenof one to sixyearsand allother
(and,ifappropriat&should)be modifiedby the individualsfrom seven to 31 years. IFsoiVadjis

riskassessorbased on site-specificconditions. calculatedforradioactiveconearainantsasshown in
Equation (12). Section3.1.2providesadditional

In-additionto dir= ingestionof soil discussionon theage-adjuseedsoilingestionfactor.
contaminatedwith radionuclidesand cwure to
external radiation from gamma-emitting If any parameter values or exposure
radionuclidesinsoil,othersoilexposureroutesare assumptionsareadjustedafterthebaselinerisk
possible,such as inhalationof resuspended assessmentto reflectsite-specificconditions.soil
radioactiveparticles,inhalationof volatile PRGs should be calculatedusingEquation (11).
radionuclides, or ingestion of foodcrops
contaminatedby root or leafuptake. The risk 4.2 COMMERCL414"USTRIAL
assessorshould thereforeidentifvaU relevant

LAIND USE
exposure routeswithin the soilpathway and. if C)
necessary.develop equations forrisk-basedPROs

4.2.1 WATERthatcombine theseexposure rouEeL

In the case illustratedbelow. the risk-based
Under the commerciaUindustrialland use

PRO isderivedto be protectiveforexposure from
scenario,risk-basedPROs for radionuclidesin

thedirectingestionand externalradiationroutes.
ground water (and for radionuclidesin surface

Total riskfrom soildue to ingestionand external water used fordrinkingwaterpurposes)arebased

radiationiscalculatedas fohows: on residentialexposuresand calculatedaccording
to the proceduresdetailedin Section4.1.1(see

Totalrisk Risk ftom directingationofradio- Section3.2.1forthe rationaleforthisapproach).

from soil nuclidesinsoil(childtoadult) Risk-basedPROs shouldbe calculatedconsidering
the possibilitvthatboth the worker and general

+ Risk from externalradiationffom populationat largemay he exposed to the same

gamma-emitting rdftnuciidesinsoil contaminated water suppiv

TOEW risk for carcinogenic effectsfrom each 4.2-1 SOIL

radionuclide of potential concern iscalculatedby

combining the appropriate oral slope factor,SF,,, Under the commerciaiiindustrialland use

with the totalradionuclide intake from soil plus scenario. four soil exposure routes - direct

the appropriate external radiationslope factor. inuestion.inhalation of volatile radionuclides.

SF., with the radioactivityconcentration in soil: inhalation of resuspended radioacei%,eparticulates.

and external exposure due to Yamma-emicting

Total risk SF, x Intakefrom directingeuion radionuclides- are combined to calculaterisk-
of soil based radionuclide PROs in soilfor adult worker

exposures. Additional exposure routes (e.g.,
+ SF. x Concentration of gamma- ingestion of foodcrops contaminated by

emittingradionuclidesinsoil radionuclideuptake) are possibleat some si(es.

while only one exposure route external
Adding appropriate parameters, then combining z

and rearranging the equation to solve for
radiationexposure only) may be relevantat others.

concentration.resultsin Equation (11).
The riskassessor should therefore consider and

"Icombine all relevant soil exposure routes. as

Equation (Il') is the reduced version of
necessary and appropriate. based on site-speciric

Equation (11) based on thestandard defaultvalues
conditions.

listedbelow. Risk-based PRGs for radionuclides



RADIONUCLME PRGS: RESIDENTIAL SOIL - CARCU40GMC EFFECTS

Totalrisk a RS x ((SF,x 10'*Vm,,x EF x IF + (SF,x 10@Wkgx ED x 0 x SD x (I-S.)x T.)l

RS (pCi/r,- TR (I
nsk4MCCI.) (SF,x10-1xEFx + (SF.x IC@x ED x D x SD x (I-S.)x T.)

where;

Parameters IDefinition(units) DefaultValue

RS radimit PRO insdi(pcilg)

TR targetC=m WdiMual lifeumecancerri*(unitiess) IV
SF. oral(ing@) slopefactor(nsic/PC) mdionucfide-specific
SF. externalcqxwrc gcpc factor(nst@yrper pCi/m-) radionuciide-speafic
EF uposm ftequency(d"&,Yr) 350 dm/yr
ED cqmure duration(yr) 30 yr %lo
IF,.W.o age-adjilstedsod ingesdonfactor(mg-yr/day) 3600 mg-yr/day(seeF-quat= (12))
D depth ofradionucwm insod(m) 0.1m
SD sod density(kgtm@) 1.43x 10'kgte
S. Samma shieldingfactor(unitiew) 0.2(seeSection4.1.2) C)
T. pm= cqxzure timefactor(unittew) I (seeSection4.1.1) C:)

REDUCED EQUATlOt4 FOR RADIONUCLIDE PRGS:

RESIDUMAL SOIL - CARCINOGENIC EFFECTS

Risk-bawd PRO I-xI& (II-)
(pCLIZ-.TR 10t 13 x l(@(SF,)+ 3.4x IGO(SF,)

where:

SF. n oral(ingesnon)slopefa=r (risk/pCi)
SF, = externalexposureslopefactor(risk/yrper pCi/fr-)

AGE-ADJUSTED SOIL INGESTION FACTOR

IF....,(mg-yr/day) (M,.wg." x ED,,,1.6)+ (IRwA3gg7...,'@,F-r),,,-,1) (12)

where:

Parameters Definition(units) DefaultValue

age-adjustedsailingestionfactor(mi:-yr,,day) 3600 mgyr/day
ingestionraicofsoilages 1-6(mg/day) 200 mg;day
ingestic)nrateof soilages 7-'al(mg/clay) 100 myday

ED,;* exposure durationduringages 1-6(yr) 6 vr
ED exposure durationduringages7-'1(yr) 24 vr



In thecase.illustmtedbelow,totalriskfrom 4.IJ SOIL-TO-AIR VOLATILIZATION
radionuclidesinsoiliscalculatedas theSummation FACTOR
of the individualrisksfrom each of the four
exposure mutes listedabove: The VF. definedinSection forchemicals.

alsoappliesforradioactivecontaminantswith the
Totalrisk Riskfrom dir= ingestionofradio- followingexceptions.
from soii nuciidesinsod (worker)

0 Most radionuclidesare heaw metalelements
• Riskfrominhalationofvo"le and are non-voiatileunder 'normal.ambient

radionucw= (worker)
conditions.For theseradionuclides.VF values

• Riskfromuibaianonofresuspended need not be calculatedand the riskdue tothe

radioactiveparaculau:s(worker) inh2iqtin of volatileforms of these nuclides
casi be ignored for the purposes of

• Psk from eacmal radiawn fronx determining PROS.

pmrna.=iamg raWoaucW= (waimr)
0 A few radionuclides,such as carbon-14(C-14).

Total riskfor carcinogeniceffem for each tritium(H-3).phosphorus-32(P-32).sulfur-35
radionuclideis calculatedbv combining the (S-35),and other isotopes.are volatileunder
appropriateingestion.inhata@on.and external certainchemicalor environmentalconditions.
exposure SF values with relevantexposure such as when thev are combined chemicallv
parametersfor each of the four soilexposure with volatileorganiccompounds (i.e.,theso-
routm as follows: calledradioactively-labeledur"taleed*ortanie

compounds), or when they can e=t in the
Total SF, x Tnt2k fromdir= ingestionof environment in a varietyof physicalforms,risk radionucfidesin3od(worker) suchas C-14 labeledcarbon dioxide(CO, )gas

and tritiatedwater vapor. For these
• @@F,x Intakefrom Wbalaim of radionuclides.VF valuesshould be calculated

volatileradionucfides(worker)
usingthe Hwang and Falco (1986)equation

• SFix Intakefrom ianaiationof resus@ provided in Section 3-3.1based on the

pended radioactiveparuculates chemicalspeciesof the compound with which

(worker) theyare associated.

• SF. x Concentrationofgamzna-emicting * The naturally occurring, non-volatile
radionuclidesinsoil(worker) radioisotopesof radium,namely Ra-226 and

Ra-Z'-74.undergo radioactivedecav and form
Adding appmpriate parameters. and then irtemgaseous isotopesof radon.:Le.,Rn-2=
combining and rearrangingthe equation to solve (radon)and Rn-220 (thoron),respectively.
forconcentration,resultsinEquation (1'>). Radioactiveradon and thoron t-lasesemanate

from theirrespectiveparent radium isotopes
Equation (13')below isthereducedversionof in soil.escape into the air.and.can pose

Equation (13)basedon thestandarddefaultvalues cancerrisksifinhaled.For Ra-'2"6and Ra-
below and a pre-specifiedcancerrisklevelof 10' '-"4insoil use thedefaultvaluesshown in the
It combines the toxicityinformationof a box on page 40 for VF and forSF, in
radionuclidewithstandardexposure parameters for Equation(1.1)and Equation(12').
commerci3ilindustrialland use to generate [tic
concentrationof thatradionuclidecorresponding 4.3 RADIATION CASE STL-DY
to a 10-6carcinogenicrisk leveldue to that
radionuclid& This sectionpresentsa case study of a

hv
Ifanv parameter defaultvaluesor assumptions

.potheticalCF-RCLA radiationsite.the AC&ME
RadiationCo. site,EO illustrate.the processof

are changed afterthe baselineriskassessment to calculatingpathway.specificrisk-basedPROs for
reflectsite-specificconditions.radionuclide,oil radionuclidesusing the risk equations and
PROs shouldbe derivedusingEquation (13). assumptions presentedinthe precedinesectionsof

thischapter. Tne radiationSiteLasestudy is
modeled afterthe XYZ Co. sitestudvdiscussedin



RADIONUCLIDE PRG= COb4MEItClALJINDUSTRIALSOIL- CARCINOGENIC EFFECTS

Total u RS x ED x [(SF,x 10'@g/mgx EF x IRw,)+ (SE,x 10@g/kgx EF x IR,,x 1/VF)
risk

+ (SFix 10)&tgx EF x Ut,,x IIPER-)+ (SF,x IC@&/kgx D x SD x (I-S.)x Tjl

RS n TR (13)

(Pcilg@ ED - ((SFxlO'@%EFxLRj, (SFxlO-"%EFclR.)x (LTVF+ UPEF) + (SFXO@xDxSDx(I-S,)xT,)l
risk-based)

where-

Parameters Defmition(units) DefaultValue

RS radionuclidePRO insoil(pCi/g)
TR targetc=u mdiinduaiitfe=e can= risk(unitiess)I&

SF, in@ slopefto (rlwpci) radionucude-specific

SF. oral(ingesticm)slopefactor(riskJpCi) radianuciide-sceciac

SF. =emal cqxsure slopefactor(risk/yrperpcilm radionucfide-specific

EF eV=m frequency(dayw) 250 days/yr C)
ED exposureduration(yr) 25 yr

IR,, workdayWmiaEion rateofair(mllday) 20 m@,lday

IR., dailysodingesdonrate(mgtday) 50 mg/day

VF soil4o-Wrvoladfizuionfactor(ml/kg) radionuclide-soecific(seeSection4.2.3)
.ikgPEF particulateemw*m baor (m3,,kg) 4.63x 109m' (seeSecuon 3.3-2)

D depthofradionucwa insoil(m) 0.1m

SD soddcmty (kgtm) 1.43,cLO@lcgtm@

S, pmma shkiftgft= (unitims) 0.2(seeSection4.1.2)

T4
p-rn2 cqxwam fact (unitiess) 1 (seeSection4.1.2)

REDUCED EQUATION FOR RADIONUCLIDE PRGS:
COMbEERCL4LANDUSTRIAL SOIL - CARCINOGENIC EFFECTS*

Risk-b.-isedPRG 1,.Kto-4

(Pciig:TR 10'@) [(3.1x10-'(SF.))+((1.3x10@/VFt2.7xIT(SF,))+(Z.9x10@'(SF,))]

where:

SF,, = oral(ingesdon)slopefactor(risk/pCi)
sFi = dihaiationslopefactor(risiripci)
S F,. = enernalcqxxure slopefactor(risirwperpcilm-)

VE n radionucfide-spemficsoil-to-airvolitilizaLionfactorinrnjlkg(seeSection3.3.1)

,NOTE: See Semon 423 when calculatingPRCTB forRzi-!-"6and Ra-Z'-14.

equationsand modified siee-sCbapters 2 and Itgenerallyfollowsa two-phase full pecificparameter

format which consistsof a "atthe scopingstage* valuesbased on RI/FS data.

phase wherein risk-basedPROs forradionuclides
of potentialconcernare calculatedinitiallyusing Followingan overview of the historyand

reduced equationsbased on PA/Sl data.and then currentstatusof thesitepresentedinSection4.3.1.

a second."afterthebaselineriskassessment'phase S,!CEion4..'.2 coversa number of important steps

wherein radionuclidePROs are recalculatedusing taken earivin the scopins!phase to calculate

preliminaryrisk-basedPROs assuming a specific



officialsdetected radium-226 (Ra-21.6)

SOIL DEFAULT VALUES FOR VF AND SF. contammaeion ata few neighboringlocationsoff

FOR Ra-226AND Ra-224 site.However. no actionwas taken againstthe
company at thattime. When ACME filed-'@r

faLbankruptcv in 1985. it clos,@@' ilirv
DefaultVE inhalation

Value Slope
completingcleanup.

DC*lctRa FacTor.SFi
Raclium pan@ u (risjrj;)Q)eo In 1987.the stateand EPA conducted an

aerialtramma survevover the ACME Radiati@'on
Ra.Z26 8 I.lE-ll Co.siteandsurroundingpropertiestoinvestiL!,-

Ra-224 200 4-TE-II
the potentialextentof radioactivecontamir,@:
in these areas. The overflightsurvey reve@@.

Calculatedusingvaluestakenfrom NCRP severalareasof elevatedexposure rate readings.

1976and UNSCEAR 1982.Assumpdo= (1)an althoughindividualgamma-emitting radionuclides

averageRa-226 soilconcentrationof I pCi/S couldnot be identifiedlWhen follow-upground oc

a iatedwithan averageambientRn-= air levelsurveyswere perf6med in 1988.numerous \0

concentrationof120pCilm3and(2)anaverage *hotspots'of Ra'-226were pinpointedat various C)
Ra-224soilconcentrationofI PCVSassociated locationswithinand around the factorybuildinz.
withan averageambientRn-220 airconcentration T"nree large soil piles showing enhanced
of5 pci/m.,. concentrationsof Ra-2.',16were discoveredalong

the southernborder. Approximately20 rustine
SlopefactorvaluesareforRn-= (plus

progeny)and forRn.Z20 (plusprogeny).
drums labelledwith LLW placardsalso were,
discoveredoutsideunder a covered storagearea.
TJsingground-peactmtingradar,EPA detected
subsurfacemagneticanomalies in a few locations

land-usescenario.Section4-')-'51then discusseshow withinthepropertyboundary whictvsue ted Elie-ges
initw assumptionsand calculationscan be possibilityof buriedwaste drums. Based on
modifiedwhen additionalsite-specificinformation interviewswith peoplelivingnear thesiteand with
becomes available. former plant workers.the state believesthat

radium contaminated soilmay have been removed
4.3.1 SITE HISTORY from the ACMF- sitein the pastand used locally

as rillmaterialfortheconstructionof new homes
The ACME Radiation Co. site is an and roadbeds.Siteaccessiscurrentlylimited(but

abandoned industrialfacilityconsistingof a large not entirelyrestricted)by an ecistingsecunty
factorybuildingsituatedon ten acresof land fence.
surrounded by a high-densitv' residential
neighborhood. Establishedin 192@. the ACME [n 1988. EPA's req!ionalfieldinvestigaeion
Co. manufactured luminous watch dialsand gauges team completed a ?.A./Sf.Based on the PASL
using radium-based paint and employed data.theACME RadiationCO. Sitescoredabove
approximaitly100 workers.mostlywomen. With li.50 using the HRS and was listedon the
the decliningradium market,ACME phased out @NationalPrioritiesListin 1989. E3riv in 1990,an
dialproductionand expanded itsoperationsin RIIFS was initiatedand a baselineriskassessment
1960 to includebrokering(collectionanc -7isposal

'
) iscurrentlyin progress.

of low-levelradioac*..vewaste (LLW). @..fterthe
company was issueda statelicensein 1961.ACME 4-3.2 AT THE SCOPING PHASE
began receivingLLW from various ao--arby
hospitalsand researchlaboratories.In 1975.3cting fn thissubsection,severalstepsareoutlinedto
on an anonymous complaint of suspected show by example how initialsitedataare used at
mishandlingof radioaceivewaste.stateofficials thescopingphase tocalculaterisk-basedFROs for
visitedthe AC,)viECo. siteand citedthe company radionuclidesin specificmedia of concern.
for numerous storage and disposalviolations. Appropriatesectionsof Chapters 2 and 3 should
After ACME failedto rectifyplantconditions be consultedfor more detailedexplanationsfor
identifiedin initialand subsequentcitations.the each stepconsideredbelow.

statefirstsuspended.and then laterrevoked its
operatinglicensein 1978. Around thesame time.



Identify%Iediaof Concem. A largestream Am-7.3 are added to the Bt for thismedium
runs along the westernborderof thesiteand feeds becauseof theirpotentialto migrate from leakin,,
intoa riverused by some of thelocalresidentsfor burieddrums intothesurroundingsoil
fishingand boating. Supplementalwater intake
ducts forthe municipalwater treatmentplantare IdentifyProbableLand Uses. The ACME
ILwatedapp roximately300 yardsdowariver,and the RadiationCo. siteislocatedin the centerof a
siteissituatedover an aquiferwhich servesas the rapidlydevelopingsuburban community comprised
primary drinkingwater supplyfora community of ofsingleand multiplefamilydwellings.The are3
approximately 3@).000people. immediatelyencirclingthe sitewas recentlyre-

zoned forresidentialuse only:existingcummerciai
Analyses of ground water,soil,and stream and lightindustrialfacilitiesare currentlybeing

sediment samples takenduringthe PA/Sl revealed relocated.7nerefore,residentialuse isdetermined
significantlevelsof radionuclidecontamination. to be themost reasonablefuturelanduse forthis
Potentialsourcesof contaminationincludethesoil site.
piles,processresiduesin soil and radionuclides

(Y\leakingfrom burieddrums. Air filtersamplesand IdentifyExposure Pathways, Parameters.and
surfacewater samples from the stream and river Equations. During the scoping phase,available
showed only background levelsof activitv. sitedata were neithersufficientto identifvall C)
(Backgound concentrationswere determinedfrom possibleexposure pathways nor adequate enough Ir-
analysesconducted on a limitednumber of air. to develop site-specificfate and transport C)
ground water, surfa@cewater. and soilsamples equationsand parameters.Therefore.in orderto
collectedapproximatelyone mile from thesite.) calculateinitialrisk-basedPROs forradionuclides

of potentialconcern in SOil.the standardized'
The data show thatthe media of potential defaultsoilexposure equation and assumptions

concemat thissiteincludegroundwater and soil. providedin thischapterforresidentialland usein
A!Eiioughstream water and riverwater were not Section4.1.2areselected.(Laterinthiscasestudy.
found to be contaminated,both surfacewater examples are providedto illustratehow the full
bodiesmay become contaminatedinthe futuredue riskequation(Equation(11))and assumptionsare
to the migrationof radionuclidesfrom sedimene. modified when baseline risk assessmentdata
from tlieexposedsoilpiles.or from leakingdrums. become available.)
Thus, surfacewaterisanothermedium of potential
concern. For thesoilpathway. the exposure routesof

concernare assumed to be directingestionof soil
For simplicitv,onlv soilwill be discussedas contaminated VA:thradionuclidesand ex-.osureto

the medium ofconcem duringthe remainderof external radiation from gamma-emitting
thiscase study. Procedures discussedfor this radionuclides.Again.although soilisthe only
medium can neverthelessbe appliedin a similar medium discussedthroughout this case study,
manner toallothermedia of concem exposure pathways, parameters, equations.and

evenEUailvrisk-basp-dconcentrationswould need to
Identi@vInitialList of Radionuclidesof be identi@iedand developed forallothermedia and

Concern. The PA/Sl fortheACME RadiationCo. exposure pathways of potentialconcern at an
site identifiedelevatedconcentrationsof five actualsite.
radionuclidesin soil(Ra-776.tritium.(H-3).
carbon-14(C-14),cesium(Cs-137),and strontium IdentifyToxicityInformatioii.To calculaie
(Sr-90)).These comprise the initiallistof media-specificrisk-basedPROS. referencetoxicitv
radionuclidesof potentialconcem values for radiation-inducedLmncer effectsare

required(i.e..SFs). ,ksstatedpreviously.soil
Site records indicatethat radioisotopesof ingestionand externalradiationaretheexposure

cobalt(Co-60),phosphorus(P--')2),sulfur(S-33), routesof concernforthe soil'pathway.Toxicity
and americium (Am-241 and Am-24-',)were information(i.e..oral.inhalation.and external
includedon themanifestsofseveralLLW drums in exposureSFs) forallradionuclidesof potential
the storaee area and on the manifestsof other concern at the ACNIE RadiationCo. siteare
drums suspectedto be buriedonsite.Therefore. obtainedfrom IRISor HEAST. and areshu-,vnin
althoi-@,hnot detectedin anv of the initialsoil thebox on the followinepale.
samples analyzed.Co-60, P-.,2.S-35,Am-241. and
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CalculateRisk-basWPRGS.Atthisstep.risk-
based PROs arecalculatedforeach radionuclideof RADIATION CASE STUDY:
PotentialconcernusingthereducedriskEquation INITIALRISK-BASED PRGs FOR

(1l') in Section4.1@'SF values obmined from RADIONUCLIDES IN SOIL*

IRIS and HEAST. and standardizeddefaultvalues
for parametersfor the residentialland-use Radionuclides Risk-basedSoilPRO (pC,/S)
scenario.To calculatetherisk-basedPRO forCo-
60 at a pre-specifiedtargetrisklevelof 10-6,for H.'3 14,000

example,itsingestionSF of 1.5x IOll and its Sr-90(only) Z3
P-32 2-10external exposure SF of 1.3 x 10,Lo are substituted sl-

intoEquation(Il'),alongwiththesmndardized 3,500

defaultvalum asfollows:
C-14 850
Co-60 0.002
Cs-137(only) 27

Risk-basedPRG x 104 Ra-226(only) 0.6
forCo-60 1.3x i(@(SF,)+ 3.4X 10*(SF,) Am-241 0.2
(pCi/r.TR - 10t Am-243 (only) 7.9x 10--'

where: 0 CalculaEcdforiuustrationonlyuung Equation C)

SF, = oral(inges4on)slopebi= forCo-60n 1.5x
(Il')inSection4.1.2.Vaiu

.
es have been rounded IT-

io-Il(ris"ct)*
off. 0

SF, = =emal. ogmure slopefactorforCo-60 = 1-3
x io-IO(risicnrperpcifn3@) measuredon propertiesimmediatelyborderingthe

site.\4easuremenEsonsiterangedfrom 10 to 50
SubstitutingthevaluesfbrSFO and SF, forCo-60 timesbackground. In both.cases.enhanced soil
intoEquation(11*)resultsin: concentmtionsofRa-226 (anddecay produces)and

sevemiotherpmma-emitting radionuclideswere
Risk-ba@ PRG forCo-60(pcilg;TR = 104) discoveredto be the sourcesof theseelevated

exposurerates. 'Merefore,soil,continuesas a
medium of potentialconcerrl

((1-3x l(@)(1.5x 10@4')+ (3.4X 10*)(1.3X 10"@]

O-OOZpCi ofCo-60/gof soil
Modify List

'
of Radionuclidesof Concern.

During scoping.fiveradionuclides(Ra-226.H-3.

In a:similarmanner,risk-basedPRGs can be C-14.Cs-l-"17.and Sr-90)were detectedinelevated

calculatedforallotherradionuclidesofconcernin concen(rationsin soilsamples collectedat the

soilattheACN4E RadiationCo. site.7"am PROs AC,\4E RacliaEionCo. site.These made up the

are presentedinthenextbox. initiallistof radionuclidesof potentialconcern.
Althoughnot detectedduringthe firstround of

4.3-3 AFRER THE BASEIJNE RLSK sampling.fiveadditionalradionuclides(P-,'2.S-35.

ASSESSMENT Co-60.Am-241. and Asn-7-43)were added tothis
listbecauseof theirPotentialto migraeefrom

In thissubsection,severalstepsare outlined buriedleakingdrums intothesurroundingsoil.

which demonstratehow site-specificdam obtained
duringthebaselineriskassessmentcan be used to With additional R[IFS data. some

recalculaterisk-basedPROs forradionuclidesin
radionuclidesare now added co the list,while

soil.Appropriatesectionsof Chipters2 and othersare dropped. For example.soilanalv-ses
failedtodetect (14-davhalt-life)orS-35(S-,-shouldbe consultedformore demiledexplanations
dav half-life)contamination.Decav correctionforeach stepconsideredbelow.
calculations strongly suggest that these

Revie%vMedia ofConcern. During theRI/FS, radionuclidesshould not be presentonsitein

,aamma radiationsurveyswere conducted in the
detectablequantitiesafteran estimatedburialtime
of30 vears.Therefore.basedon thesedata.P-','

yardsofseveralhomes locatedwithina two-block
radiusof theACME RadiationCo. sit& Elevated and S..)Sare dropped from the LISLSoildataalso_

confirmthatdecay productst)fPa-'7-1-6.Sr-90.C.,;.exposurerates.raneingfrom approximatelytwo to
four times the naturalbackgroundmte. were

1-)7.anliArn-'-@4-',(identiciedinthefirstbox beiuw)



are premt in secularequilibrium(i.e.,equal slopefactorsofitsdecaychain(shown inbold face
activityconcentrations)withtheirrespectiveparent in the!w=nd box below).Thus.Ra-226+D. Sr.
isotopes. 90+D, Cs-137+D. and Am-243+D replacetheir

respectivesingle-isotopevaluesin the listof
Assuming secularequilibrium.slopefactorsfor radionuclidesof potentialconcern.and their

the parent isotopeand each of itsdecay series compositeSFs areused in thefullsoilpathway
members are summed. Parent isotopesare equationtorecalculaterisk-basedconcentrations.
designatedwitha *+Do toindicatethecomposite

RADIATION CASE STUDY- DECAY PRODUCTS

ParentRadionuclide DecayProduct(s)(Half4ife)

Ra-226 Rn-222(4days),PO-218(3min),Pb-214(27min),Bi-214.(20
min),Po-214(< Is),Pb-210(22yr),Bi-210(5days).Po-210 C\j

(138days) fl-

Sr-90 Y-90 (14hr)
C)

Ir-

Cs-1-37 Ba-137m(2min) C)

AM-243 Np-239(2days) C)

RADIATIONCASESTUDY.SLOPEFACTORS FOR DECAYSE3UESa

Slope Factors
Decav Series Inhalation [nLeiEion External

Ra-226 3.OE.09 1.2E-10 4.2E-13

Rn-222 7.2E. I.', 2.2E- 14

Po-213 5.SE. 13 Z.SE-14 O.OE+00

Pb-214 Z.9E-12 1.SE-13 l-5E-11

Bi-214 2-2E.12 1.4E-13 8.OE-II

Po-214 Z.SE-L9 I.OE-20 4.7E-iS

Pb-210 1.7E-09 6.SE-10 1.SE.13

Bi-210' S.IE- 11 1.9E-12 O.OE+00

Po-210 "-7F--09 2.6E-10 4.SE-16

Ra-2-16+D 7.SE.09 I.OE-0 9.6E.11

Sr-90 5.6E. II E -ii O.OE+00

Y-90 i.5E-t ,.2E-12 O.OE+00

Sr.90+D 6.ZE-11 3.6E-11 O.OE+00

Cs-137 1.9E-II Z.SE-1 I O.OE+00

Ba-137m 6.OE. 16 2.4E-t; 3.4E-11

Cs-137+D 1.9E-11 Z.SE-ll 3.4E-11

Am-243 4.OE-08 ".IE-to 3.6E.12

No-Z39 i.iE-12 E -I., I.IE-11

Am-Z43+0 4.OE-08 J.IE-lo 1.SE-11

Allinformation inthisexample isforillustrationpurpo-sesunty.



ReviewLand-useAssumptions.At thisStep. the added risks(perunitintaiceand/orexposure)
the future land-useassumptionchosen during contributedbv their respective(lecavserie@
scopingisreviewed.Sincetheoriginalassumption members thatarein secularequilibrium.
Of futureresidentw landuse issupportedby RIIFS
data.itisnot modified. RecalculateRisk-basedPRGS. At thisstep.

risk-basedPRGs arerecalculatedforallremaining
Modify Exposure Pathways,Parameters, and radionuclidesof potentialconcern using the fu@l

Equations.Based on site-specificinformation,the riskequationforthesoilpathway (.i.e..Equation
upper-bound residencetime for many of the (11))modifiedby revisedsite-specificassumptions
individualslivingnear the ACME RadiationCo. regardingexposures.as discuss4edabove.
siteisdetermined to be 45 yearsratherthan the
defaultvalue of 30 years.Tnerefore,the exposure To recalculatethe risk-basedPRO forCo-60
durationparameter used in Equation (11) in at a pre-specifiedtargetrisklevelof 10'@.for
Section4.1.2issubstitutedaccordingly.Itisalso example.itsingestionSF of 1-5 x 10'11.and its
determined thatindividualslivingnearthesiteam externalexposure SF of 1.3x 10'10are substituted

K)
onlycqxned to the=cmal pm= radiationfield intoEquation(11),alongwith othersite-spemfic
appro)dmatelyIS hourseach day,and that their parameters.as shown in the next box.
homes providea shieldingfactorof about 0.5(i.e.. 0

50%). Therefore,valuesforT. and S. arechanged In a similarmanner, risk-basedPROS can be IT--
to 0.73 (i.e..13 hr/24br)and 0-5.respectively. recalculatedfor allremaining radionuclidesof 0

potentialconcerninsoilattheACME Radiation C)
Modify ToidcityInformation. As discussed CO. Site.7nese revisedPROS are presentedinthe

above in the sectionon modifyingthe listof box on the next page. In those caseswhere
radionuclidesof concern.oral.inhalation,and calculatedrisk-basedPROS forradionuclidesare
externalexposure slopefactorsforRa-226, Sr-90, below current detectionlimits.risk assessors
Cs-137.and Am-243 were adjustedto account for should contact the Superfund Health Risk

TechnicalSupport Center foradditionalguidance.

RADIATION CASE STUDY. REVISED RISK EQUATION FOR RESIDENTIAL SOIL

RS forCo-60(pciig;= TR
risk-based) (SF.x 10*'x EF x + (SF.x LO@x ED x D x SD x (1-S.)x T.)

= 0.003pCi/g
where:

Pirameters Definition(units) Revised Value

RS radionuclidePRG insoil(pcilg) -
TPI targetexcessindividuallifetimecancer risk(unitiess) 10-6
s F@, oral(ingesdon)slopefactor(rislUpCi) 1.5x 10-"(nsk!pCi)

SF. externalexposure slope factor(nsklyrper pCUm:) 1-",x lo"'(ns@,;vrper pciim-)

EF aposure frequency (da") ,iOda-,,srT
ED exposure duration(yr) 4,)vr

IF.,t
.4i

age-adjustedsoilingestionfactor(mg-)TIday) 5 100 mg.yrlday

depth of radionuclidesinsoii(m) 0.1 m

SD soildensicy(kgtrn3) 1.'.)x 10@ k;tni.'

S, aamma shieldingfactor(unitiess) 0.;

T, 2amma exposure time factor(unitim) 0.75

(Note: To account for the revisedupper-bound residentialresidencytime of 4i years.(he age-ad.iustedsoil

ingestionfactorwas recalculatedusingthe equation in Section4.1.2ind an ,idulttxpasure duration of 39 years

for individuals7 to 46 yearsof age.)



RADIATION CASE STUDY-
REVISED RISK-BASED PRGS FOR RADIONUCTJDES IN SOIL*

t

Radionucfides Risk-biwdSailPRG (pCUg)

H-3 10,200
Sr-90+D 20
C-14 620
Co-60 0.003
Cs- 137+ D 0.01
Ra-226+D 0.004
Am-241 0.2
Am-243+D 0.03

Cakuiatedforillustrationonly.Valueshave been-rounded off.

(D

C)
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APPENDEK A

IILLUSTRATIONS OF CHENUCALS
THAT "LEMTII"'REMEEDIATION

Inmany cases,one or two chemicalswilldrive willbe n=ted/removed at differingrates);
thecleanupata site,and theresultingcumulative however,thesame principleofone orperhapstwo
mediuriorsiteriskwillbeapproximatelyequalto chemicalsLimitingthesitecleanupusuallyapplies.
the potentialriskassociatedwith the indtvidual even inmom complex casel
remediationgoalsfor thesechemicals.Ilese
*limitingchemicalsoaregenerallyeitherchemicals Unlessmuch isknown about theperfomance
thatareresponsibleformuch of thebaselinerisk of a remedy with respectto allthe chemicals
(becauseofeitherhightoxicityor presenceinhigh presentat the site,itmay not be possibleto
concentrations),or chemicalsthat are least determinewhich ofthesite-contaminantswilldrive
amenable to theselectedtreatmentmethod. By the final risk untilwell into remedy 0
cleaningup theseche@micalsto theirgoals.the implementation.Tnerefore,itgenerallyisnot
other chemicalstypicallywillbe cleanedup to possibleto predictthecumulativeriskthatwillbe
levelsmuch lowerthan theircorrespondinggoals. presentatthesiteduringor afterremediation.In
The example givenin thebox below providesa some situations,enough willbe known about the
simpleillustrationof thisprinciple. siteconditionsand theperformanceoftheremedy

to estimatepost-rtmedyconcentrationsof
The actual circumstancesfor most chemicalsor to identifythechemical(s)thatwfll

remediationswillbe much more complex than dominate the residualrisk. If thistypeof
thosedescribedintheexample (e.g.,chemicalswill informaeionisavailable.itmay be necest,2ryto
be presentatdifferentbaselineconcentrationsand modify the risk-basedremediationgoals for

individualchemicals.

SIMPLE ILLUSTRATlOt4 OF A CHEMICAL THAT LIMM REMEDIATION.

Two chemicals(A and B).are presentin omund waterat a siteat thesame baselineconcentrations.
RemediaEiongoalswere identifiedforbothA and B. ChenucalA!sgoalis0.5u&tL which isassociatedwitha
potentialriskof IV. ChemicalB'sgoalis10 u&,L whicti.-isalsoassociatedwitha potentialriskof 'Ir. Tne
calculatedcumulativeriskatremediationgoalsisthereforeZ x 10'*.Assumingforthepurposesof this;ilustration
thatA and B aretreatedor removed atthesame rate,thenthefirstchermcattomeet itsgmi willbe B.
Remediationmust continueat thissite,however,untilthegoalforchemicalA has been MCL Wheftthe
concenemtionof A reaches0.5ugtl.thenremediationiscomplete..A isatitsgoaland hasa riskof 10'6.B isat
1/20of itsgoalwitha riskof5 x 10'6.Tne totalrisk(1x 10,6+ 5 x 104)isapprcxitnatetvI" and isdue tothe
presenceofA.

Thisexampleillustratesthatthefinalriskfora chemicalmay notbe equalto the potentialriskassociatedwith
itsremediationgoal,and,;.nfact,can be much 1= thanthisns)L Althougbthepotentialriskassociatedwith
ChemicalB'sgoalisIr, thefinalresidualriskassociatedwithB is5 x 10'4.'Mus,ifone were toc2iculatethe
cumulativeriskaEPRGs priortoremedyimplementation.onewouldestimatetotalmedium riskof2x IV, howe%,er.
theresidualcumulauveriskafterremediatioaisIx 10'0.
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-A-P-PENDIX B

RISK EQUATIONS FOR INDIVI]DUAL
EXPOSURE PATHWAYS

This appendix presentsindividualrisk iscurrentlybeing developedby EPA. could be
equationsforeach exposurepathway presentedin includedin the overallexposure pathway
Chapter3. nese individualriskequationscan be evaluation.
used and rearrangedto derivefuH riskequations
required thr calculatingrisk-basedPROS. B-1 GROUND WATER OR

ccDepending on theexposurepathways thatare of
SURFACE WATER -

concernfora land-useand medium combination,
RESI]DENTIAL LAND USEdifferentindividualriskequationscan be combined

to derivethe fullequationreflectingthe
cumulativeriskforeach chemicalwithin the Both theingestionofwaterand theUdWation
mediuril See Chapter3 forexamples of how of voiatflesare includedin thestandarddefault
equationsarecombined and how they need tobe equationsin Seaion 3.1.1.Ifonlyone of these
rearrangedto-solveforrisk-basedPROS. Note exposurepathways isof concern at a particular-'
thatinthisappendix.the termHQ isusedtorefer site.or ifone or both ofthesepathwaysneeds to

to therisklevelassociatedwith noncarcinogenic be combined with additionalpathways,a site-
effem sincethe equationsare for a single specificequationcan be derivecl
cont2min2nt inan individualexposurepathway.

'rbe parametersused in the equations
'Me followingsectionsListindividualrisk presentedin the remaiiderof thissectionare

equationsfortheground water,surfacewater,and explainedinthe followingtextbox

soil pathways. Risk equationsfor exposure
pathwaysnot listedbelow can be developedand B.Ll INGESTION
combined withthoselisted.In particular,dermal
exposure and ingestionof ground water Tltecancirriskdue to ingestionof a
contaminatedby soflleachate,forwhich guidance contaminantinwateriscalculatedasfollows:

PARAMETERS FOR SURFACE WATER/GROUND WATER - RESIDENTIAL LAND USE

Parameter Definition. DefaultValue

c chemicalconcentrationinwater(mgtl)
sFi in@on == slopef=or ((mgtkg-day)*') chemicai-specific
SF@ oM cancergope ft= ((mgtkg-day)") chcm=1-4=nc
RfD. oralchronicreferencedon (mgtkg-day) cheniical-specific

RfD, inhalanon chrmc -,zfcrencedow (mgikg-day) chemical-specific
BW adultbody weight(kg) 70 kg
AT averagingtime (yr) 0 yr forcancer risk

30 yr fornoncancer HI (equalto ED)

EF exposurefrequency(da" .r350 day3N

ED exposure duration(yr) 30 yr
K volatilizationfactor(LJrx@) 0.0005 x 1000 lJrn3(Andeiman 1990)

IRI dailyindoor inhalauan rate (m@/day) 15 ral/day

IR, dailywater ingestionrate(Uday) .2 LJday



R-iskfromingestiona SF,x C x TILx EF x ED and/orinhalationof particulates.areof concern at
ofwater(adult) BW x AT x 365 day3/yr a particularsite,then a site-specificequation can

be derived.
Tle noncancer HQ due to ingestionof a
contaminantinwateriscauculatedas follows:

T*ne parameters used in the equaEiOnS
presented in the remainder of thissectionare

HO due co ingestion C x IIL x EF x ED explained in the textbox below.
ofwater(adult) RiD. x BW xAT x365 dayvr,

B.1.2 INHALATION OF VOLATUM
B.Z.1 INGESTION OF SOIL

'Me cancerriskdue to inhalationof a volatile
'Me cancer riskfrom ingestionof

contaminant in water iscalculatedas follows:
contaminated soiliscalculatedas follows.-

Riskfrom = SF, x C x 10'4kz/me x EF x IF
Risicfrom - SF x C x K x 1&.,cEF x ED ingestion AT x 365 dayw

WOWSO

inhalation BW x AT x 365 days/yr
of soil

of volaeiles

inwater
The noucancer HQ from ingestionof

(adult)
contaminatedsoiliscalculateaas follows:

The noncancerHQ due toinhalationofavolatile
HQ from = C x IQ"6kivmgxEF x rFcontaminant in water iscalculatedas follows: ,,w,,di
ingestion RfD. x AT x 365 days/yr C)

HO due to C x K x IL x EF x ED
of soil

inhalation Rfl)-,x BW x AT x 365 dryw
B.2.2 UMALARION OF VOLATELESofvolanies

inwater
(adult) The cancer riskcaused by inhalationof

B.2 SOEL - RESEDENTIAL LAND
volatilesreleasedfrom contaminated soilis:

USE
Riskfrom - SF-x C x ED x EF x IR..,,x rt/VF-)
inhalation AT x BW x 365dayw

Only the firstexposurepathwav below - ofvolawa
ingestionof soil- isincludedin t@estandard
defaultequationsinSection3.1.2-Ifadditional 'Me equationf6rcalculatingthenoncancerHQ
exposurepathways,includinginhalationofvolatiles from inhalationofvolaeilesreleasedfrom soilis:

PARAMETERS FOR SOIL - RESMENTIAL LAND USE

Parameter Definition DefaultValue

c chemicalconcenu-adcr@insoil(mgtkg)
sFi inhalationcancerslopefa=r ((mg/kg-day)*') chenucal-sp=fic
SF, oralcancerslopeftaor((mgtkg-day)") chc=cal-sp=fic
RtD, oralchro= refcrt=dose(mgtkg-day) ctiemical-sp=ific
RfDi inhalationchronicreferencedose(mgtkgday) chemical-sp=fic
BW adultbodyweight(kg) 70 kg
AT averagingtime(yr) 70 yrforcancerrisk

30 yrforncncancerHI (equalco ED)
EF exposureftequemy(dm/yr) 350 daysiyr
ED expwureduration(yr) 30 yr
IR% dailyindoorinhalationrate(ml/day) 15ml/day
IF.,,, age-adjuseedsoilingestionfactor(mg-yr/kg-day) 114mg-yr/kg-=y
VF soil-co4rvolatilizationfactor(m@/kg) chemicalspecific(seeSection3.-').1)
PEF particulateemissionfactor(ml/kg) 4.63x-109m@/kg(seeSection3-',.2)
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HO from C x ED x EFt M-. x(I/VF) B.3.1 INGESTION OF SOIL
nhals RfD,x BW xAT x 365dayWYr
ofvolatiles The cancer risk from ingestionof

contaminatedsoiliscalculatedas follows:
B-2-3 RNHALATION OF PARTICUIATES

Riskfrom = SF, x C x Ir ksjmgx EF x ED x IR-
Cancer riskdue to inhalationof ingestion BW x AT x 365 daywr

contaminated soilparticulatesiscalculatedas: of $oil

Risk = SF,x C x ED x EF x IR-,x (IIPEF) 'Me noncancerHQ from ingestionof contaminatea
from AT x BW x365days/yr soiliscalculatedas follows:
inhala-
tionof HQ from C x I& kzlmz x EF x ED x [R.Od
particulates ingestion RfD, x BW x AT x 365 days/yr

The noncancerHQ from particulateinhalationis
ofmd

calculatedusingthisequation: B.3.2 U4HALATION OF VOLATMF-S C)

HQ from C-x ED x EF x rR.i.,x (1/PEF) The cancer riskcaused bv inhalationof
00

inhalation RfD, x BW x AT x 365 days/yr CD

of parti-
volatilesreleasedfrom contaminated soilis:

culates
Risk&am SF:x C x ED x EF -cIR.,@x (I.IVF)
inlialauon AT -tBW x 365 daysyr C:)

B.3 SOIL - COMMERCL4U ofvoiawes
INDUSTRIAL IAND USE

7ne equationforcalculatingthe noncancer HQ

All three of the exposure pathways from inhalationofvolatilesreleasedfrom soilis:

detailedbelow areincludedinthestandarddefault
equation in Section3.Z.Z.Ifonly one or some

HO from C x ED x EF x IR,.,x f1NT-)

combination of these exposure paehwavs are of inhalation RM, x BW x AT x 365 days,,yr

concern ata particularsite.a site-specifi@equation of voiaEileS

can be derived.
%i4ote that the VF value has been developed

7ne parameters used in the equations
specificallyfor.these equaeions-.it may not be

applicable in other technicalcontexts.
presented in the remainder of thissection are

explained in the textbox below.

PARA,METERS FOR SOIL - COMMERCLALINDUSTRL4,L LAND USE

Paratneter Definition DefaultValue

c chemicalconcentrationinsad (mg/kg)
sEi inhni-%Eioacancer slope factor((rng/kg-day)-') chernicai-specific
SF. oralcancer slopefactor((mg/kg-day)*') ctiemical-specific
RfD. oralctlr=c referencedose (mg/kgday) chemical-specific
RiDi inbal-qtionchronic referencedose (mg/kg-day) c.12cmical-specific

BW adultbody weight (kg) 70 kg

AT averagingtime (yr) 70 yr forcancer risk
30 yr for noncancer HI (CqUal to ED)

EF =posure frequency(daystyr) Z50.days/yr

ED expmure duration(yr) 25 yr

IR@, workday inhalation rate (mllday) 20 MJ/day

TR.,, soilingestionrate(mg/d2y) 50 mg/day

VF soil-to-airvolatilizationfactor(m 3 Ikg) chemicalspecific(see Section 3.3.1)
PEF particulaeeemluion factor(ml/kg) 4.63 x 10' m.',Icg(see Section3-3.Z)



B-3.3 INHALATION OF PARIICULATES The noncancerHQ from particulateinhalationis

Cancer riskdue to i
.
nbalationof

cal(.-ulatedusingthisequation:

contaminatedsoilparticulatesiscalculatedas:. HO from C x ED x F-Fx IR-,.,c([,?En
.,inhalation RiDi x BW x AT x 36i days/yr

Riskfrom SF x C x ED i EF x TR..,x fIIPEF)
inhalation AT x BW x 365 days/yr
of particulates

co
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